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PREFACE 

The present volume is the " Third Part " in order of a com- 
prehensive treatise on Zoology, which has been for some time 
in preparation under my editorship. In tliis treatise each 
of the larger groups of the Animal Kingdom is to be described 
by a separate author; whilst, as far as possible, uniformity 
in method and scope of treatment is aimed at. The authors 
are, for the most part, graduates of the Univei-sity of Oxford, 
though it may not be possible to maintain this limitation in 
future sections of the work. 

The general aim of the treatise is to give a systematic 
exposition of the characters of the classes and orders of the 
Animal Kingdom, with a citation in due place of the families 
and chief genera included in the groups discussed. The work 
is addressed to the serious student of Zoology. To a large 
extent the illustrations are original. A main purpose of the 
Editor has been that the work shall be an independent and 
trustworthy presentation, by means of the systematic survey, 
or taxonomic method, of the main facts and conclusions of 
Zoology, or, to speak more precisely, of Animal Morphography. 

The treatise will be completed in ten parts of the size of 
the present one. It will at once be apparent that this 
limitation necessitates brevity in treatment which, however, 
will not, it is believed, be found inconsistent with the fulfil- 
ment of the scope proposed or with the utility of the work 
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to students. The immediate publication of the following 
parts may be expected : — 

Part T. Introduction and the Protozoa. 

Part II. General Discussion of the Metazoa — The Pori- 

fera — The Hydromedusae — The Scypho- 
medusae — ^The Anthozoa — The Ctenophora. 

Part III. The Echinoderma (the present volume). 

Part IV. The Mesozoa — The Platyhelmia — The Nemer- 

tini. 

These parts will be issued, without reference to logical 
sequence, as soon as they are ready for the press. In accord- 
ance with this procedure, which to some extent evades the 
injustice of making an author, whose work is finished, wait 
for publication until other more tardy writers have completed 
their tasks, the present volume, which is Part III., is the first 
to make its appearance. 

The following authors have undertaken portions of the 
work : — Professor Poulton, F.RS., M.A. Oxon. : Professor 
Weldon, F.RS., M.A. Oxon. ; Professor Benham, D.Sc, M.A. 
Oxon. ; Mr. G. C. Bourne, M.A. Oxon. ; Mr. G. H. Fowler, 
M.A. Oxon. ; Professor Minchin, M.A. Oxon. ; Mr. F. A. Bather, 
M.A. Oxon. ; Professor J. W. Gregory, D.Sc. ; and Mr. E S. 
Goodrich, M.A. Oxon. 

R RAY LAXKESTER. 

February 1900. 
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II. Stelleroidea. 

III. ECHINOIDEA. 



General Features. — This is one of the best characterised and 
most distinct Phyla of the Animal Kingdom. Nearly all the living 
animals included in it, such as. the sea-urchin (Echinoid), starfish 
(Asteroid), brittle-star (Ophiuroid), sea-cucumber (Holothurian), 
sea-lily (stalked Crinoid), or feather-star (free Crinoid), can readily 
be distinguished through their possession of a radial symmetry, in 
which the number five is dominant, of a sub-epidermic skeleton com- 
posed of calcium carbonate, with a characteristic micro-structure 
resembling trellis-work, and of a system of sacs, canals, and tubes 
that carry water through the body, especially by means of five 
radial canals from which small branches goWq^l podia are given off to 
the exterior. The extinct forms known as Blastoidea and Edrio- 
asteroidea appear to have had a similar organisation ; and the same 
statement maybe made of most of the Cystidea, another extinct class. 

It is true that there are recent forms in which the quinqueradial 
symmetry or pentamerism is obscure ; but, on the whole, it is so 
marked a feature that the early zoologists, and notably Cuvier, 
placed the Echinoderma together with the Coelentera in a sub- 

^ By F. A. Bather, M.A. 
I 
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kingdom Eadiata. The presence of a gut distinct from the body- 
cavity (coelom) is alone enough to mark the superiority of Echino- 
derm organisation, as was first insisted on by Leuckart. The 
resemblance of certain Holothurians to the Gephyrea is but super- 
ficial and secondary ; the above-mentioned characters form sufficient 
distinction. 

Examples of the Classes. — Within the Echinoderma is great 
diversity of organisation. Between the worm-like, semi-gelatinous 
Holothurian, Syimpta, living in the mud of the shore, and the 
stalked PenicLcrinus of the depths of the sea, or the brittle-star of 
the rock -pools, there might well seem an impassable barrier. 
Taking typical examples of the various classes, let us note the 
more obvious difierences. In an ordinary Holothurian (e.g. Holo- 
thuria, Cucumaria, Fig. IV. 4, p. 231) the body is cucumber-shaped, 
with a mouth at one end and an anus at the other ; round the 
mouth is a ring-canal of the water-vascular system, and from it 
are given oft' five radial canals, running below the surface of the 
flexible integument and sending podia to the exterior ; two of the 
avenues (ambulacra) of podia run along that surface of the body 
which is away from the ground and may be called " dorsal " ; the 
" ventral " surface, containing the other three ambulacra, is often 
flattened to form a kind of walking sole. A Holothurian has no 
arms or projecting rays, but its mouth is surrounded by a circlet 
of tentacles, often branched, retractile at will, and serving to collect 
food. A Eegular Sea-urchin (e.g. Echinus, Cularis, Figs. VII., XVII. 
pp. 290, 303) resembles a Holothurian in being without projecting 
rays ; but it is more spherical in shape, with a rigid test, and 
moves with its mouth towards the sea-floor, and with its anus at 
the opposite pole of the body. In a Heart-urchin (e.g. Spaiangus, 
Fig. XLV. p. 324), which moves through and swallows mud and 
sand, the body has become obliquely elongate, i.e, with the long axis 
at an angle of 36° to the position it occupies in a Holothurian ; the 
mouth has moved a little forward, and the anus has moved down 
from the top of the body to its lower surface, so that both mouth 
and anus lie on the under surface, at either end of the long axis. 
In Echinoids, the radial water-vessels are beneath the test (" hypo- 
thecal ") and stretch from the oral to the anr-1 pole. In a Starfish 
the mouth is in the centre of the under surface, while the anus is 
almost in the centre of the upper surface, but is absent in a few 
forms ; the body, encased in a yielding theca, is either markedly 
pentagonal in outline or star-shaped ; in the latter case a central 
" disc " may be distinguished from the " arms." The number of 
arms varies from five (e.g. Asterius ruhens, Figs. I., IV. pp. 240, 242) to 
over forty (e.g. Heliaster). The radial water-vessels, one to each arm, 
lie in a groove on the oral surface (" epithecal ") and are fringed 
by podia, which do not pass on to the aboral surface at all. An 
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Ophiuroid (Fig. XIII. p. 261) resembles a starfish in which there is a 
sharp distinction between arms and disc; the mouth is on the 
under surface, but there is no anus. Whereas the arms of a star- 
fish are merely extensions of the body, containing the generative 
glands and processes from the stomach, those of an Ophiuroid con- 
tain only blood-vessels, water -vessels, and nerves, and, being 
themselves used as locomotor organs, have a stout internal skeleton 
of separate ossicles, worked on one another by well -developed 
muscles, but have less developed podia ; they are nearly always 
five, and unbranched except in Astrophytidae (Fig. XXXII. p. 277). 
As is explained on p. 238, however, no sharp line can be drawn 
between Asteroid and Ophiuroid structure. A Crinoid (Fig. III. 
p. 98) differs markedly from all the forms just mentioned, in that 
the mouth faces upwards, or away from the sea-floor ; the anus 
is also on the upper surface. This position is connected with the 
fixed habit of the Crinoids, which are attached temporarily or 
permanently to the sea -floor by their aboral surface, usually 
through a jointed stem. This fixed state of existence is corre- 
lated with the development of a jointed process ("arm" or 
hrachium) from each radius of the rigid theca. The arms are 
often forked many times ; they contain extensions of the nervous, 
blood-vascular, water-vascular, and generative systems, and have a 
ventral groove lined with cilia which sweep currents of water to the 
mouth. The Blastoids (Fig. IV. p. 82) may be roughly described 
as Crinoids without brachia, but with food-grooves on the oral 
surface of the theca, fringed with jointed skeletal processes 
(brachiola). The Cystidea, like the Crinoids, are fixed, with mouth 
and anus on the upper surface ; the relations of their food-grooves 
and water-canals vary greatly ; in some of the older ones (Fig. II. 
p. 44) radial symmetry does not seem to have affected even these 
organs, still less, therefore, any other organs of the body. The 
Edrioasteroidea (Fig. VI. p. 209) are sessile, with upwardly directed 
mouth and anus, with five food-grooves radiating from the mouth, 
sometimes on to the aboral surface, as in Echinoids, and apparently 
with hypothecal water-canals, also as in Echinoids, at any rate 
with some portions of the water-vessels penetrating the test along 
the ambulacra. 

Phylogeny and Ontogeny. — The combined evidence of com- 
parative anatomy, embryology, and palaeontology indicates that 
the Echinoderma owe most of their obvious characters, such as 
radiate symmetry, the ambulacra, and the coil of the gut, to their 
having passed through a " pelmatozoic " stage, i,e, a stage in which 
the animal was attached by a part of its body wall, in which the 
mouth, and to a less extent the other apertures, faced upwards, 
while there was a tendency to the radiate (pentamerous) exten- 
sion of food-grooves with accompanying organs (see Chapter IX., 
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" Felmatozoa "). Setting aside these charactere, the origin of which 
may be traced in individual development, and selecting those 
common to the early stages of all Echinoderms, zoologists have im- 
agined a phylogenetic 
u — — -,.^^ stage, the two-aided or 

' ■ ^>iT,Dc Dij^eurula stage (Fig, 

I.), more or loss re- 
peated in the i>tpl«ww^ 
^ larvae of recent Echino- 
derms (Fig. II.). The 
animal was marine. Its 
, long axis was antero- 
j posterior and parallel 
»i(ii<rii'nB to the sea-floor. The 
""" mouth (0) was anterior 

and ventral ; the anus (^s) posterior or postero -ventral. The 
two were joined by an uncoiled gut, perhaps with a stomachal 
enlargement in the middle. On either aide of this lay the coelom, 
formed by constriction from the larval stomach or archenteron, in 
other words, an " enterocoel " ; it was divided into a right and left 
anterior portion (a.c), and a right and left posterior portion (r.p.e 
and l.p.c). Each anterior vesicle was connected with the exterior 
by a canal, opening at a dorsal pore (M) on each side the median 
line, Bometimes, perhaps, fusing into one. These canals were in- 
directly connected {s.c) with posterior offshoots from the anterior 
coelom, the right and left hydrocoela (r.Ac and l.hc). Gonads 
developed from the coelomic endothelium. The ectodermal 
epithelium was probably ciliated, and a portion of it in the " pre- 
oral lobe" (p.l) was differentiated as a sense organ, with longer 
cilia and underlying nerve-centre («), from which two gangtiated 
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nerves ran back below the ventral surface. In the mesoblastic 
connective tissue, derived by the migration of cells, there was a 
tendency to the secretion of crystalline calcium carbonate. Except 
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for the latter character, the Dipleunda agrees in eaaentiaU with 
the larva of Enteropneusta, which was described by Joh. MiiDer 
(1850) as an Echinoderm larva, under the name Tomaria 
(Fig. II. 1). 

The simplest larval form among recent Echinoderms, that of 
the Holothuriane, known as Attricuiaria (Fig. 11. 2, and Fig. III.), 
differs from the PipUwula in being bent upon its ventral surface, 
BO that the mouth lies in the middle of the concavity so formed, 
while in front of it ib a " preoral lobe," and behind it is a similar 
prominence, in the middle of which, on the ventral surface, is the 
anus ; the cilia are restricted to a band immediately surrounding 
the mouth, and a band that 
passes in front of the mouth, 
then round the edge of the 
ventral concavity, and across 
in front of the anus. In 
Bubaequent development the 
ciliated ring becomes very 
sinuous, and when the Auri- 
cidaria assumes a barrel 
shape, before changing into 
the Holothurian, the ring 
atrophies in sixteen places, 
and the separate pieces unite 
in such a way as to form 
five rings like hoops round 
the barrel. In this stage the 
mouth has again passed up 
to the anterior pole, and the 
anus down to the posterior. 
This form is called the Pupa 
(Fig. I. 8, p. 219). 

The only free larval form 
that is known among Pel- 
matozoa is that of the highly "'*'' "^^^ 

specialised free-moving Crinoid, Aniedon. It resembles the Holo- 
thurian Pupa in general shape (Fig. IV.), and in the possession of 
five ciliated bands (cc), probably derived in a similar manner ; 
but since the early stages have been pressed out of the develop- 
ment, this cannot be considered proven. Here, moreover, there 
remains a ventral concavity, through which the definitive mouth 
breaks (0) ; there is no anus at this stage. Anteriorly is a tuft 
of long cilia. 

MoBt Aateroidea have a larva known as Bipinnaria (Fig. II. 
3, and Fig. VI. 10), which passes through an Auricdaria stage. 
By a meeting of the sinuosities of the ciliated ring anteriorly, 
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there is formed a preoral ring which separates from the teat. 

The ventral depression runs up on either side the preoral area, 

and eventually aurrounda it and its ciliated ring. In the region 
of the ciliated rings the body stretches out pro- 
cesses, which are symmetrically paired, except the 
frontal process, which bears the preoral ring. In 
some species this process apllta into three branches 
and the cilia disappear ; such a form is called 
BraOmlaria. 

A still further development is the Pluieus 
larva (Fig. II. 1, and Fig, V.) of Ophiuroida 
and Echinoids, characterised by the .decrease of 
the preoral area and the increase of the anal area ; 
paired processes extend forward, and ah unpaired 
, process stretches backward from the posterior end 

25"^-tS" ^reorei "' ^^^ ^^^^ *''^ ' ^^^^^ processes are usually very 

lobe (PE), upiwrraost. Jong and supported by spicules, but movable. 

" ■ Two, arising from the posterior and lateral region 

of the ciliated ring, are pronounced in Ophiurolds but absent in 

Echinoids. 

The development of the larval form 

from the ovum is effected in much the 

same way in all known Echinoderma 

(Fig. VI.). The segmentation of the 

ovum is total and quite or almost equal 

(Fig. VI. 2). A coeloblastitla ia formed 

with a segmentation cavity, and with a 

wall of a single cell -layer, thickei' in 

one region (Fig. VI. 3). This region 

is invaginated, forming the archenteron 

of a gastrula (Fig. VI. 4). At about 

the same time the thickened region, 

now the end wall of the archenteron, 

proliferates endoderm cells, some of 

which wander into the segmentation 

cavity, where they may be joined by a 

lesser number from other parts of the 

gastnila wall (ectoderm), and so form mesenchyme, from which 

mesoderm tissue is ultimately developed (Fig. VI. 5). The 

archenteron occupies but a small part of the segmentation cavity, 

its lumen is usually narrow, and the external opening forms a 

small blastopore, which in Aniedon soon closes. Both endoderm 

and ectoderm are usually ciliated from the beginning ; but in 

Antedon cilia appear only on the ectoderm after gastrulation. 

The larva becomes bilaterally symmetrical by dorsO'Ventral 

compression and the formation of a ventral concavity. The inner, 
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I.e. anterior, end of the archenteron becomes constricted off from 
the rest of the archenteron to form the " coelom " (Fig. VI. 6). 
The coelom sends backward a process on each side in the dorsal 
region ; the hinder parts of these become constricted off as a 
" right and left posterior coelom," which almost meet posteriorly ; 
the remainder forms the "anterior coelom" (Fig. VI. 7). At the 
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Under end of the anterior coelom, on both the right and left side, 
there is a small outgrowth, the " right and left hydrocoel " (Fig. 
VI. 8) ; that on the left is, as it happens, much more developed, 
but the presence of a right hydrocoel has been proved by Meteoh- 
nikoff (1869) and MacBride (1896), (y in Fig. VI. 9). Near 
the median dorsal line, above the hinder end of the anterior 
coelom, a perforation arises in a thickening of the ectoderm, 
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forming the "hydropore" and the "pore canal"; while, in no connec- 
tion with this, a groove arises along the hinder wall of the anterior 
coelom, and develops into a canal connecting the left hydrocoel 
with the anterior coelom, and called "stone canal," because its homo- 
logue in recent adult Echinoderms develops spicules in its walls 
(Fig. VI. 11). MacBride (1896) has observed larvae of AsUrina 
gibbosay in which there were a hydropore and stone canal on the 
right, and some in which both right and left pores were present. 
The latter arrangement occurs also temporarily in the Bipinnaria 
of Asterias (Field, 1892, Fig. VI. 10), and is that which we suppose 
to have obtained in the Dipleu/rula, 

On the ventral side, at the anterior end of the body, a mouth 
is produced by invagination, and leads into the remaining part of 
the archenteron, which becomes modified into a larval stomach and 
a short rectum curved ventralwards and opening at the blastopore. 
The part of the larva in front of the mouth is called " the preoral 
lobe," and a portion of it becomes a sense organ, usually ciliated, 
with a development of nerve tissue (Fig. VI. 9, 10 ; Fig. I.). 

It must not be supposed that a Diplevrvla larva of this simple 
type actually exists. In each class it presents some modification, 
the outward appearances of which have already been described. 
Moreover, the internal structures vary in the order of their 
development and in persistence. Enough is common to the 
various types to show that the Diplewnda larva is no phantasm, and 
to suggest very strongly that it represents an ancestral Diplewrvia 
stage, differing but slightly if at all from the ancestral Tomariay 
and being one of the lowest of all animals with a coelom. The 
hydrocoels and their indirect exterior openings have been compared, 
perhaps not very judiciously, with the excretory nephridia of 
higher Coelomata. The possible connection of Tomaria with the 
ancestral Chordata gives additional interest to the resemblance 
between stereom formation and bone formation (see p. 29), and 
to the invagination of a primitively superficial nervous system in 
the two groups. 

Between adult Echinoderms and other groups of the Animal 
Kingdom no comparisons are possible. From this stage onward 
the Echinoderm follows a path of its own. By a remarkable 
metamorphosis, varying in its details but presenting some common 
features in the different classes, the almost bilaterally symmetric 
larva is transformed into the almost radially symmetric adult. 
This metamorphosis undoubtedly represents the changes that took 
place in the early history of the classes; and the extraordinary 
difficulties of interpretation are due to the enormous compression 
of that history, the elimination in some cases of unnecessary 
stages, and the unequal acceleration of others. The clue is offered 
by the older fossils, which, as explained under Cystidea, forcibly 
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t that all Echinoderma are descended from sesaile anceetore 

(necessarily repreeenting a stage subsequent to the Diflean^i), and 
that the oldest among these had not acquired radial Hymmetry , that 
being, it would appear, a consequence of fixation. Fixation was 
retained more or less completely by Gystidea, Blaatoidea, Crinoidea, 
and Edrioasteroidea ; but among the other clasaes it is only the 
Stelleroidea that now preserve traces of it in their ontogeny. 

The passage from the DipUKrvla to the fixed stage ia best 
studied in Antedon (Bury, 1888; and Seeliger, 1893); but even 
here changes that, in phylogeny, must have succeeded fixation 
now precede it, and actually precede the fre&«wimming stage of the 
larva. Fixation takes place by a modified portion of the preoral 
lobe (p-Oi B.S also in Stelleroidea. 
The phylogenetic result of this waa 
the passage of the mouth (0) to .l 
the posterior end of the Dipleurvla, '' 

which was now directed upwards 
(Fig. Vn.). With the mouth went 
the bydrocoel. The attachment ap- 
pears to have been towards the right 
Bide, for thus only can we account for 
the fact that the structures on the 
left of the Diplearvia increased at the 
expense of those on the right. It 
was therefore the left hydrocoel {Ihi) 
and atone canal (s.e) that moved 
upwards with the mouth, while those 
on the right disappeared. The 
nervous structures of the anterior 
end remained there or, possibly, "•■"•"" •^"•"•"^ ""■- 
atrophied. The forward portion of the anterior coelom (a.c) shared 
in the construction and elongation of this region ; but its binder 
portion was dragged up along with the hydropore (Jtf) and formed 
the " parietal canal " (par), so called because it lies along the outer 
wall of the larva. The left posterior coelom {l.p.e) of the Diplewvia 
was caught in between the oesophagus and the stomach, and so 
passed upwards, towards what we may now call the oral pole of 
the fixed stage ; while the right posterior coelom (r.p.e) was pushed 
downwards by the stomach pressiug to the right and thus came 
to lie nearer the aboral pole. The blastopore is early closed in 
the ontogeny of Aniedott, but we jnfer from the position of the 
larval rectum that in phylogeny the anus (As) did not move 
upwards so rapidly as the mouth. The effect of these changes 
was a torsion of all the structures in the upper part of the 
body. The gut was thrown not into a simple loop, but into a 
dextral coil. The pressure of the oesophagus against the hydrocoel 




.refully KlCh Fig. 1. 
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not merely pulled it up, but pressed it into a horseahoe carve, 
with the opening directed to the anal side. The left posterior 
coelom was curved in like manner. The further elongation of the 
fixed aboral end involved lobes of the right posterior coelom 
and initiated their downward extension, first on the right side of 
the anterior coelom, then gradually curving round it. This torsion 
and shifting of internal organs may be compared with the simpler 
case of streptoneurouB Gastropoda. 

Careful study of the two diagrams, representing the DtpUumla 
(Fig. I.), and the primitive Pelmatozoan or fixed stage (Fig. VIL), 
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will enable the student to appreciate the peculiar position of the 
internal structures in the ArUedtm larva, of which a few sections 
are here given for comparison (Fig. VIII.). The structure is far 
more complicated than in Fig. VII., owing to extensions from 
the coelomic cavities. In the earlier sections tbe hydrocoel is still 
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on the aboral side of the right posterior coelom ; indeed, the mouth 
itself is not at the future oral pole, for the larval mouth closed 
early, and the place where it was became arched over by lips 
of ectoderm, which formed a "vestibule" (v). This vestibule it 
is that gradually moves up; a fresh mouth ultimately breaks 
through into it, and the lips again unfold at the new oral pole. 
The connection of the anterior coelom, through the parietal canal 
and the hydropore, with the exterior, persists (cf. Fig. VIII. 1 and 
3) \ the hydrocoel opens into the parietal canal by the stone 
canal at a later period (Fig. VIII. 5). 

There is reason to believe that some of the early Cystidea 
(Amphoridea, p. 43) had an internal structure scarcely more 
advanced than Fig. VII. But the fixed stage had further effects. 
The most notable was the prolongation of ciliated and tentacu- 
liferous grooves from the mouth, accompanied by processes from 
the hydrocoel. At first there were three such radial extensions : 
anterior, right, and left, since the 
presence of anus and hydropore, and 
the absence of hydrocoel on the posterior 
side prevented extensions in that direc- 
tion (Fig. IX.). The five rays, so char- 
acteristic of Echinoderma, were produced 
by the forking of the right and left 
rays. It was only at a later date, when 
the hydrocoel had grown into a ring 
round the oesophagus, that the five rays 
could proceed equally from this ring. 
The division of the rays into a pair 
enclosing anus and madreporite, and 
known as the hvmsm^ and the three 
others (anterior, right ant. and left 
ant.), known as the trivium, is opposed 
to this fundamental structure. It must 
further be noted that this bilateral 

symmetry of the rays has nothing to do with the bilateral nature 
of the DipleurtUa, 

While these changes were in progress the formation of stereom 
continued. At first there were only spicules deposited in the 
mesenchyme (see Fig. II. 1, and Fig. III.). These enlarged and 
fused into plates, which eventually became so large as to abut 
on one another. These plates were arranged in the mesoderm 
beneath the ectoderm. An account of their arrangement and 
structure will be found under Amphoridea (p. 46). Through 
the fixation below and the radiation of the hydrocoel and food- 
grooves above, these plates gradually came to lie in definite 
positions and to assume a definite number, shape, and size. The 




Fio. IX. 

The pentanierism of Echino- 
derma contrasted with a regular 
pentamerism. 0, mouth ; As, anus ; 
between them is the madreporite. 
1, 2, 8, 4, 5 are the rays of an 
imaginary perfect pentamerism, of 
which 1 and 5 are the Mfium, 2, 
8, 4, the trivium. i, ii, iii, iv, v are 
the Ave rays of a Pelmatozoan. 
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ontogeny of Afdtdon su^este their division into two groupe 
(Fig. X.) : one formed around the upper, oml coelom (l.pc, 
^ i.e. the left posterior coelom of the tH- 
ijjj' pUwvia), which gradually encircled the 
' PC (^y J^^?\ ooaoph^us ; the other around the lower, 
aboral, or apical coelom (r.pe, i.e. the right 
posterior coelom of the DipleuTvia). The 
7P former set were affected by radiate aym- 
■' K metry before the others, and in Aniedon 
larva are represented by five large plates, 
I B the " orals " (0). The latter set form the 
plates of the aboral side of the adult 
Echinoderm. In a Pelmatozoan they form 
the dorsal cup (B and IB) and the ossicles 
of the stem (col) when that organ is pre- 
sent. 

We have now traced the history of 
the Echinoderma up to a form fixed 
aborally, and with rays, nonnally five in 
w''S«?te«rt.'*p! niimber, proceeding from the mouth and 
'. *''^,P.'^","' underlying the hydrocoel ring or hydro- 
oiii*riBtta™,»«inii)oiniD|(tfl>t. Hrcvs. These rays involved other of the 
" *'' interna! organs, notably portions of the 

oral and aboral coelom, and accompanying them was a develop- 
ment of epithelial nerves and a circumoral nerve ring. The 
dividing wall between the right and left posterior coeloms, the 
dorsal mesentery of the Diplaavla, now lies horizontally or 
transverse to the long axis. A new vertical mesentery, both 
above and below, is formed by the tissue separating the in- 
curved ends of the oral and apical coeloms respectively. On 
the inner walls of these coeloms, adjoining this mesentery, is a 
thickening of the endothelium (ax in Fig. YIII. 5), to form event- 
ually a strand passing up to the main axis through the coil of the 
gut, and known as the " axial cord." This, in the adult, originates 
the gonads, which seem at first to have been expelled through an 
aperture in the body wall between mouth and anus, as seen in 
Holothurians and some Cystidea. Subsequently this becomes 
involved in the radiate symmetry. 

The phylogenetic stage thus reconstructed on the evidence of 
embryology and palaeontology corresponds on the whole to the 
stage imagined by Semon (1B88), and named by him PerUadxa 
(five-rayed). The question arises : How far does this represent the 
ancestor of all E>;hinoderms 1 There can be no doubt that this 
actually was a stage in the history of the fixed Echinodenns 
(PelmatOEoa) ; that it was also a stage in that of the free Echino- 
denns (EleutheroEoa), is coming more and more to be the opinion 
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of zoologists. The development of Asterina indicates the possible 
relation between those two groups. Here MacBride (1896) has 
shown that the larva is early attached by the preoral lobe, and 
that it bends over on this so as to bring the mouth downwards. 
The internal structures do not, however, undergo that complete 
translation and torsion which occur in the Crinoid. Traces of it 
are seen in the greater development of the left hydrocoel and left 
posterior coelom. Fig. XI. attempts to show what would happen 
in the case of a primitive FerUactcea that bent over in this way ; 
while the mouth passed down, the anus and hydropore would tend 
to remain on the upper surface, where they could best fulfil their 
functions. In the present ontogeny of the Asteroid, the develop- 
ment is direct from the DipleurtUa to this stage, the intermediate 
steps imagined for the phylogeny being omitted as unnecessary. 




Fia XI. 

Change from PenUuiaxi to Stelleroid type. 0, mouth ; As, anus ; M, madreporite ; r.p.c 
and l.p.Cy right and left posterior coelom ; l.hc, left hydrocoel ; «.e, stoue canal ; pi, preoral 
bbe ; cut, axial sinus, remains of anterior coelom. 

But to those phylogenetic steps are due the peculiar positions 
assumed by the left hydrocoel and left posterior coelom, as well 
as the radial folding which they undergo. Study of Fig. XL 
will elucidate the complicated internal arrangement of the develop- 
ing Aslerina, Further flexure causes the ends of the curved 
hydrocoel to grow around the stalk, which thus deceptively appears 
to spring from the oral surface, not from the aboral as in Crinoids. 
Subsequently the stalk atrophies, and the young starfish is a free- 
moving form, with mouth on the sea-floor, with anus and madre- 
porite directed upwards, and with the beginnings of five arms 
containing extensions of the left hydrocoel, of the oral coelom 
(derived from 1. post, coelom), and of the stomach (Fig. XII.). 
During development the larval mouth and anus are closed, and 
break through again in their adult positions; this points to a 
migration of. those openings during phylogeny, which migration 
cannot well be repeated in ontogeny. 

A vast amount of discussion has taken place over the question 
whether the plates of the Crinoid calyx find homologues in other 
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Echinoderma. The orals on the one side are supposed by some 
(t,g, Lov6n, P. H. Carpenter, Sladen) to be represented by some- 
what similarly situated plates in Stelleroidea ('* buccal shields " of 
Ophiuroids, " odontophores " of Asteroids), and by a circumoral 
calcareous ring in Holothurians. The plates of the dorsal cup 
have been homologised with plates very similar in shape and 
arrangement that are often to be observed in Stelleroidea, notably 
on the aboral side of the compact body of Ophiuroids, and with two 
circlets of plates at the aboral pole of Echinoids. It has been 
supposed that all Echinoderma primitively possessed a definite 
calycinal system, thus composed : a central aboral plate (" dorso- 
central"), five plates surrounding this ("basals," "genitals" of 
Echinoids), five plates following on these and alternating with 
them ("radials," "terminals" of Asteroids, "oculars " of Echinoids) ; 
these together formed the " apical system," and to them was some- 
times added a circlet below, and alternating with, the basals (" infra- 
basals ") : five orals, alternated with the radials, and to these P. 
H. Carpenter once added an " oro-central," the correlative of the 
dorso-central. The oro-central is a discredited myth. The dorso- 
central is a plate at the distal end of the Crinoid stem, i.e. in the 
preoral lobe (J'p in Fig. X.) ; there is no proof that it ever formed 
part of an apical system, and it cannot be considered either homo- 
genetic or homoplastic with the aboral central plate sometimes seen 

in Stelleroidea. As for the basals and radials 
of the Crinoid, they are, as stated above, 
formed around the right posterior coelom ; 
this also is the position of their supposed 
homologues in Asterina (Fig. XII.), and 
MacBride's argument that their relations 
to the stem are different, does not seem 
fatal to the above theory. What is fatal 
is the conclusion to which the evidence of 
p^^ ^jj fossils forces us — that the free Echinoderms, 

Doraal, i.f. aboral, view of ^^ they arose from stalked forms at ail, 

(aft«rLa(f^^^r*8how8*reora1 i^^^^^i^^^y ^'^ SO ages before a calycinal 
lobe (p.i) now on oral side ; system had been evolved. Even amone 

nidimeutii of five amis marked i. ii j r 'a. ^.u ^ i • i 

by five terminal plates (7) ;ai- Stalked forms it appears that regular apical 
bSSSs'(?or'aid'a?ViI III systems arose independently in different 
so-called <iorso - central ; M, \mes of descent. If, howevcr, it be im- 

madreporite. x56. m i ^ j ^i • i , .. 

possible to regard the apical systems of 
Echinoidea and Stelleroidea as homogenetic with that of Crinoidea, 
there can be no objection to the statement that similar plates are 
developed in a similar position with regard to the fundamental 
anatomy, under the influence of somewhat similar causes. 

The Asteroids were probably the last group to branch off from 
the fixed Echinoderms. Hence it is that they retain many features 
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of the PaiiaettEo, together with epithelial nerves on the floor of 
the arm-grooves, as in Polmatozoa. The Ophiuroids are, 'as 
explained uader Stelleroidea, scarcely to be distinguished from 
Asteroids. Whether they branched off at an earlier date or no is 
uncertain ; at any rate, they have progressed farther from the 
Pentadtta type, in so far as the radial nerves have sunk below 
the surface and are covered by " epiueural canals," which probably 
represent closed food-grooves (Fig. XIII. 1 and 2). 




vtutrsl «u(« : r, rsdialrpincunlcaTnl; Im, loiigltuillnsl inimdcii ; l.i. laUnlKnte; n.miuiclu : 
11, imdUl norve of »uperllclal oral ByswiJi ; n2, radlil nerves of iLeeoeroraL ajratem; p, podtum ; 

The development of Echinoidea has been studied by J. Miiller 
(1852), Agassiz (1864), Metachnikoff (1869), Bury (1889), and 
many others. The results are summarised by Th6el in his admir- 
able account of the development of Ecliinoct/amus pusiUus (1892). 
Up to the stage corresponding to the Dipleitrala no important 
divergences are manifest. The peculiarities of the ensuing meta- 
morphosis appear due to the extreme development of a free- 
swimming Pluleus (Fig. XIV.). At an early stage there is an 
invagination (am) of the ectoderm on the left side between the 
bases of the ventral and dorsal posterior processes of the PliUetis. 
The inner end of this sac grows towards the left hydrocoel, 
while its opening nearly or quite closes (Fig. XV. 1). The five 
primitive lobes of the hydrocoel grow up into the floor of this 
sac (Fig. XV. 2), which thus serves as a kind of amnion in which 
the young sea-urchin is formed (Fig. XV. 3), until the size of the 
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growing tube feet and spines causes it to break through the outer 
wall (Fig. XV. 4). While this takes place the spicular skeleton of 
the Plutetts is absorbed, and the body of the Pluteus shrinks up to 
a sac on the aboral side of the young Echinoid (Fig. XY. 5). The 
hydropore from the first opens on the dorsal surface, which becomes 
the aboral side. The right posterior coelom is also under here, 
as in Stelleroids. The larval stomach becomes that of the adult, 
but a fresh mouth is formed in the centre of the hydrocircus, 
while the anus is a fresh formation at the aboral pole. 

It is easy to understand that, with this amniotic development 
in the body of the larva, most of the traces of the Pentadcea 
stage have disappeared. There is, however, evidence of a preoral 
lobe, while the coil of the intestine and the radiate structure of 
the hydrocoel, nerves, and gonads, bear witness to antecedent 
phylogenetic changes. On those changes light is thrown by 
palaeontology, which teaches us that the primitive Echinoid had a 
spheroidal body, with muscular, flexible walls, in which irregular 
plates were developed ; the mouth was at the centre of the lower 
surface ; the anus on the upper surface, and near it the madre- 
porite (the successor of the hydropore). Combining with the 
evidence from fossils that from comparative anatomy, we infer 
that the gut had a simple dextral coil ; that the oesophagus was 
surrounded by three rings — water-vascular, blood-vascular, and 
nervous; and that from each ring five branches passed up the 
inside of the body wall to the aboral pole ; that branches from the 
radial water-vessels passed, between the plates in the body wall, 
to the exterior, and became suckers assisting locomotion, the 
complete structures being ambulacra ; that gonads were five, 
unpaired, and interradially disposed in the body cavity. Such a 
form had lost the stem of the Pentadcea, and had never possessed 
an apical system of plates. It had, however, already developed 
food-grooves, with nerves and ambulacral vessels, while there must 
have been some radiate arrangement of the gonads. The sinking of 
the nerves and closure of the food-grooves forming epineural canals 
(Fig. Xni. 3) probably took place as we suppose it to have done 
in Ophiuroids. Among Pelmatozoa, the Edrioasteroidea (p. 205) 
present a structure removed from that of the primitive Echinoid 
in little but the upward position of the mouth and (probably) the 
madreporite, and the functional food-gi'ooves ; the notable point about 
the latter is the presence of openings between the flooring-plates, 
apparently for the passage of processes from the radial water- vessels. 

The peculiarities in the structure and development of the 
Holothurians may perhaps be ascribed to their having in many 
respects regressed from the Pelmatozoic towards the Diplewnda 
type (Fig. XVI.). Thus the mouth has again come to lie at one 
end of the body, while the anus is at the other. With the mouth 
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has gone the genital pore ; and the madrepotite, though uncon- 
nected with the ex- 
terior in the adult of 
most now living, muBt 
have moved towards 
this end also. But 
there la an important 
difference between this 
and the Diplevnda in 
the coil of the gut, and 
the vastly altered rela- 
tions of the coelomic 
cavities with their in- 
tervening mesenteries. 
The arrangement indicates that the mouth, hydrocoel, madre- 
porite, and associated organs of a Pentad aa gradually moved 
anterioi'ly away from the anus, thus coming nearer to the 
stem (preoral lobe of larva) and lengthening the gut by another 
half-coil. When the fixed existence was given up and the 
food-grooves closed in, leaving the external podia from the 
water-vessels, then the rays were able to extend equally in all 
directions from mouth to anus. The anterior ray and the two 
adjoining rays had thus come to be on that side of the elongate 
body which was directed towards the sea-floor, and to this they 
clung, or on it they crawled, by suckers 
which developed on the podia, which 
thus became " tube-feet " The left and 
right posterior rays ran along the upper 
surface of the body, forming the bivium stc / 
of the Holothnrian, homologous with the u 
bivium of the Pelniitozoa as shown by 
the position of the hydropoie 

The view has been held that the 
Synaptidae, with their simple structure 
and straight antero-posterior gut repre 
sent the simplest and most ancestral 
Echinoderms. But if the above account 
be correct, this simplicity is only ap- 
parent, and is the result of regressive , 
changes. Such is the view that i 
finds general favour. The Pfniactida 
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Stage (Fig. XVII.), in the development SreS"^'cIi'i«. '"""si:'" ' "*'■ ""' 
of Synaptu, with five interradial circum- 

oral tentacles, slightly curved gut, and aboral anus, is therefore 
not the modern ontogenetic representative of the phylogenetic 
Fenlact^a, as Semon supposed. 
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Further, if our present theory be correct, we must suppose that 
the larval history of the Holothurians has been exceedingly com- 
pressed ; so that, to take but one point, the development of the 
straight larval gut into the coiled gut of the adult takes place, not 
by migration of the mouth and associated organs, but by lengthen- 
ing and twisting of the gut itself. It is noteworthy that the two 
lateral radii of the trivium with their nerves and muscles and tube- 
feet, as well as the oral tentacles to which they eventually give rise, 
develop much more slowly than the three other radii. Those are 
the three radii which are assumed in the above account to be 
homologous with the original three radii of the primitive Pel- 
matozoan (cf. Fig. IX.). 

It therefore appears that the Holothurian stock branched off 
from the Pelmatozoa before complete pentamerous symmetry of 
the hydrocoel and associated organs had arisen, before any definite 
calycinal system had developed, while the gonads were still a 
simple strand opening to the exterior by a single posterior gono- 
pore. The diminution of the skeletal elements did not favour 
their preservation as fossils. Their spicules indeed are found in 
the rocks from at least the Carboniferous downward, but if we 
except the problematic Sphaerites, Quenstedt (1852, non Dufts), no 
fossil Holothurian is known. The class was perhaps an early 
offshoot from the Edrioasteroidea. This theory explains how it is 
that the Holothurians are primitive in so many characters, although 
the most specialised in others ; they are primitive as regards 
Pelmatozoic structure, specialised as regards Eleutherozoic, 

Symmetries. — The radial symmetry due to the fixed phylo- 
genetic stage is usually pentamerous. Hexamerous symmetry 
was independently acquired by some Cystidea. Variation from 
pentamerism may arise suddenly (discontinuous meristic variation 
of Bateson), producing hexamerous or tetramerous individuals, or 
species, or genera, according as the sport becomes fixed. There 
may also be a duplication, or further multiplication of radii, as in 
the ten-rayed Promachocrinus, or an intercalation during growth, as 
in the many-rayed Labidiaster ; this is a different thing from the 
branching of a radius, such as occurs in Crinoids, As trophy tidae, 
and elsewhere. Again there may be variation by gradual atrophy 
of one or more radii, as in Calceocrinidae, and some heart-urchins 
and Holothurians. In spite of these variations, it is generally 
possible to divide the body of an Echinoderm, by planes passing 
through the ambulacra from the long or main axis, into approximately 
<5orresponding portions, " antimeres," normally five. These planes 
mark the radii, or better perradii, since the terms ray and radius 
have been used loosely. Organs bisected by them are "perradial" ; 
such are invariably the main ambulacra! vessels, the arms of 
Stelleroidea and brachia of Crinoidea, with their included organs. 
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Half-way between the perradial planes are the planes marking the 
interradiu Organs bisected by these are " interradial '' ; such are 
the interambulacral areas of the test, the oral plates of Crinoidea, 
the gonads of Echinoidea. Between the perradii and interradii 
are adradiiy a term little used in practice ; thecal plates adjoin- 
ing the ambulacrals are called " adambulacral." In a regular 
pentamerous Echinoderm an interradius is opposite to a perradius, 
and an adradius opposite to an adradius. 

All Echinoderms have a bilateral symmetry. Primitively the 
plane of symmetry, the sagittal plane, is determined by the mouth 
(anterior), the anus (posterior), and the hydropore (dorsal). But, 
in the first place, this sagittal plane, when clearly shown, is not 
the same as the sagittal plane of the Diplewrula, In Pelmatozoa 
it certainly is not ; in Holothurians it only approximates to it. 
Secondly, in Echinoidea and some Cystidea, and in such Asteroidea 
as have an anus, the plane passing through the vertical axis and 
the madreporite {M plane) is not the same as that passing through 
the vertical axis and the anus (anal plane). Thirdly, the rela- 
tions of the anal plane to the M plane and to the radii may vary 
even within a single class, e,g, Echinoidea and Cystidea. Conse- 
quently the selection of any one plane as a plane of orientation 
for the different classes is arbitrary. Also it is convenient. We 
take then the M plane and note that the hydropore lies in an in- 
terradius with a radius opposite to it (Fig. XVIII.). That radius we 
denote by A, Then placing the animal with its mouth upwards 
and going round the test in the direction of the watch-hand (t.e. 
dextrally), we denote the other radii in order, B, C, Z), E. The 
hydropore lies in interradius CD, In a developing Holothurian, 
or in such Holothurians as retain an external madreporite (Fig. 
XVIII. 3), the anus and mouth both lie in the M plane, forming 
the poles of the long axis, while radius A bisects the ventral 
surface ; this therefore is the sagittal plane of bilateral symmetry, 
and Cu6not, 1891, calls it the "Holothurian plane." In a Crinoid 
(Fig. XVni. 1), anus, mouth, and aboral pole, all lie in the M 
plane, which here also is the sagittal plane ; but the anus, in inter- 
radius C!Z>, never marks the aboral pole of the main axis, though 
it may usurp the place of the mouth at the upper pole. Many 
Cystids, and apparently the Blastoids, have a similar orientation. 
Other Cystids differ in that the anus lies to left or to right of 
the hydropore, while the relation of the radii to the M plane 
is not clearly defined. In Echinocystis (p. 301), which probably 
represents the relations in the primitive Echinoid, the symmetry 
remains as in Pelmatozoa ; while the mouth is at one pole of the 
main axis, the anus lies in or near the M plane, which is therefore 
the sagittal plane, but the madreporite is near to the aboral pole. 
In later Echinoids the case is altered (Fig. XVIII. 4) ; the first step 
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appears to have been the passage of the anus to the aboral pole, 
'the madreporite remtdning eccentric and marking interradius CD ; 
whether this OB is identical with CD of Eckinoc>/stis, is another 
question ; then the anuB moved away from the pole in the direc- 
tion of radius B, so that the anal plane made an angle of 72° with 
the M plane. This new plane (interradius DS, radius B) is termed 
by Cu^not the "Echinid plane"; Lov6n (1884) has shown that 
the plates of the five interradii in Echinoidea are disposed sym- 
metrically with reference to this plane. The sagittal plane of many 
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Other sea-urchins, notably the heart^urchins and their allies (Fig. 
XVm. 6), i.e. the plane passing through mouth, anus, and apical 
pole, correBponds with neither the M plane nor the Echinid plane, 
but passes through radius D and interradius AB^ Cu^not calls it 
" Lov6n's plane." The bivium (AB) and trivium (C, D, E) of a 
heart-urchin are therefore in no way identical with those parts in 
a Holothurian, a Crinoid, or a Stelleroid. In those starfish that 
have an anus (Fig. XVIII. 2), that organ, as shown by Ludwig is 
in interradius BC ; this with the vertical axis marks the " Asterid 
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plane " of Cu^not. It ia scarcely worth wbile to describe yet other 
divergeHces of the sagittal pkae from the M plane, auch as occur 
in Cystidea and Blastoidea. All of them are due to the imposi- 
tion of a tertiary bilateral ayrometry, obscuring the previously 
existing secondary bilateralisiu that had already replaced the 
bilateralism of the Dipleurula. 

Oavities and l^ir Oontents. — The cavities into which the 
thecal cavity is divided by the ontogenetic changes above described, 
are : — (1) Gut and appendages, derived from the archenteron, with 
mouth and anus in part produced by invagination. (2) Coelomic 
cavities : (a) the ambulacral system, derived from the left hydro- 
coel ; (i) the main body-cavity derived chiefly from left posterior 
coelom, which in Pelmatozoa, Stelleroidea, and Echlnoidea becomes 
mainly adoral; (c) the aboral body -cavity of Pelmatozoa (with 
columnal extensions), of Stelleroidea, 
and of Echinoidea^ (d) the axial 
sinus of the same three classes, 
derived from the anterior coelom, 
running down into the stem in Pel- 
matozoa, indirectly connected with 
the hydrocoel through the stone 
canal, and containing " the axial 
organ" {p. 23); (e) a perioeso- 
phageal sinus, sometimes subdivided, 
is completely or incompletely sepa- 
rated from (b), especially in Holo- 
thurioidea, Echinoidea, and Ophi- 

The coelomic cavities are lined 
by pavement endothelium, usually 
ciliated, and sometimes further pro- 
vided with special ciliated or flagel- 
lated organs which keep the con- 
tained fluid in motion (e.g. "urns" 
of Synaptidae (Fig. V. 4, p. 233) ; 
{ " ciliated cups " of Crinoid arms, 
> especially pinnules ; free flagellate 
i cells of Echinoidea). The fluid is 
^Vs'ophiumiiC'cv'ifMi; similar to that found in the lacunar 
^^... ,. ... .| " blood -vascular system"; it is sea- 

' water, perhaps taken in through the 
, madreporite, containing a variable 
;^'LTS«nSSw" X7,^SnCiH amount of albumen in solution, 
especially in the lacunar system, 
and sometimes slightly yellowish or reddish. In it float various 
bodies, viz. (a) amoebocytes (Fig. XIX. 1, 2, 4) capable of wandering 
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through all the tissues, including the skeletal, and containing re- 
fringent granules, proteids, fat, and a yellow pigment called "echino- 
chrome" (MacMunn, 1885) ; they seem to be specialised as bearers 
of reserve food, as calcigenous cells (p. 28), as phagocytes, and 
as bearers to the exterior of waste products often pigmented 
(Durham, 1891, St. Hilaire, 1897) ; {h) red coi-puscles with haemo- 
globin (Foettinger, 1880), non-nucleate, but vacuolate or granular 
in water-vessels of Ophiuroids (Fig. XIX. 3), nucleate in various 
coelomic cavities of Holothurians (Howell, 1886; Cu^not, 1891, 
Fig. XIX. 5); the respiratory nature of these is demonstrated by 
their containing haemoglobin. 

Whatever may be the homologies of the hydrocoel, there is, 
physiologically speaking, no nephridial or other excretory system 
in Echinoderma. The function is probably performed by the 
wandering cells just mentioned. 

The Axial Organ has had many functions ascribed to it, as 
shown by its various names : Heart (Tiedemann), Pseudo-heart, 
Central Blood-plexus (Ludwig), Glandular or Chromatogen organ 
(Hamann), Lymph Gland, Madreporic Gland (Koehler), Collateral 
or Plastidogen organ (Perrier), Ovoid Gland (Perrier, Cu^not, and 
others). Genital stolon, Plexiform Gland or Dorsal organ (P. H. 
Carpenter), Kidney (P. and F. Sarasin). The Sarasins (1888) 
give a good account of the literature ; later notes of value are by 
Cuenot (1891) and Durham (1891). Generally it is a brownish, 
finely lobed, often pear-shaped body, showing under low magnification 
a complicated arrangement of tissue strands (Fig. XX. 1). It does 
not occur in Holothurioidea. In the other classes it is developed 
in the axial sinus by irregular growth of endothelium, which forms 
canal-like strands separated from one another by spaces derived 
from the axial sinus ; these latter are therefore primitively 
connected with the water -vessels and madreporite through the 
stone canal. Strands growing out at an early age from the central 
plexus become the gonads, but the connection may be lost in later 
life. In association with the genital strands are also radiating 
"haemal strands," not true blood-vessels, but serving for the 
transmission of nutrient cells. Such cells, as well as pigmented, 
excretory amoebocytes, are found in quantity in and about the 
axial organ. In Pelmatozoa the axial organ, surrounded by the 
axial sinus and the lobes of the chambered organ, stretches right 
down the stem (Fig. XX. 2). The position of the axial sinus with 
regard to the gut suggests that nutrient fluid passes by osmosis into 
the axial organ, which thus serves as a kind of distributor, but there 
is no evidence of pulsatile pump-action, i.e. it is no heart. The 
evidence of new cell-formation is too slight to warrant the idea 
that the axial organ is a factory of amoebocytes. There is still room 
for study of this peculiar body, especially through experiment. 
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The Oflnital Organs throw liglit on the axUl organ, since it 
exists only in those classes in which the gonads are affected by 
radiate Bymmetry, and not in the Holothurians. It foUows that 
the axial organ was a secondary development. Ontogenetically 
the genital strands bud off from one end of it, where & ring is 




formed, and with the extensions of these go also extensions of the 
axial ainiw (Fig. XXI.). The single gonad of the Holothurioidea, 
connected with the dorsal mesentery, appears therefore to be the 
homologue of the axial sinus and organ rather than of any one of 
the interradial gonads of the other classes. The gonads, therefore, 
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are of endothelial origin There appears, however, aa shown by 
Hamann, to be a migration of the actual sexual cella , and the 
riew of Cu^not that these are pnnuinly amoebocytes derived 
from the axial organ suggests their possible mesodemiic nature. 
Compare the migration of sexual cells derived from the ectoderm 
in Hydroide. The growth and minute structure of the ovum have 
been described by Crety (1894), of the spermatozooD by Field 
(1895); both authors refer to preceding literature No striking' 
peculiarity is presented by Echmoderm gonads (cf Fig VI. 1). 
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The sexes are nearly always separate, and fertilisation takes place 
in the water. 

The Haemal SjrHtema of Echinoderma are of two types, which 
may coexist, but of which one usually predominates. Neither is a 
true vascular system, but each consists of a series of smaller lacunae 
(spaces without definite walls) or larger sinuses, sometimes appear- 
ing as closed, but probably always having some communication, 
however minute or indirect, with the other cavities of the body. 
The fluid in these spaces differs from the ordinary coelomic fluid only 
in containing more albumen, and has, likewise, no definite circula- 
tion. The systems are : (a) Paendhwmal, consisting of a ring 
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placed between the ring &nd radial nerves of the oral systftm 
above, and the ring and canals of the water-system below. This 
system is dominant, perhaps the only one, in Stelleroidea, where 
it communicates with the general body-cavity and the axial sinus ; 
it is present in Echinoidea and Holothurioidea, in which claaaea it 
is said to be closed ; it is so much reduced in the Crinoidea that 
its existence is denied by some authors. In Asteroidea (Figs. XXI., 
XXII.) the ring is divided into an outer and an inner ring by an 
oblique septum, from each angle of which a vertical septum passes 
down each radial canal. Formerly the system was supposed to 
develop as a cleft in the mesenchyme, and therefore was called the 
" Bchizocoelic system"; MacBride (1896) has shown that in j^rfmna 
the inner ring is an outgrowth from the axial sinus, while each of 
the five compartments of the outer ring and canals arises separately 
as an outgrowth of the coelom, the outgrowth in the madreporic 
interradius being derived from the anterior coelom, the rest from 
. . the left posterior coelom. {b) Lactutar, 

present in all classes except perhaps 
Stelleroidea, and developed as lacunae 
or small spaces in the connective tissue, 
and therefore mesodermal (Fig. XXI.). 
It is differentiated into a network in the 
wall of the gut, absorbing therefrom the 
nutrient fluid, which is carried by a 
main trunk on each side of the gut to a 
circumoral ring ; from this run radial 
canals, below the pseudhaemal canals 
1 when present, and above the water- 
sVen from ibuve:'^ iiiarku ttit M vcssels, while it IS connected with net- 
SLvis1onrofTiil'^rihL*niiTr'i:i™'a^ works on the surface of both gonads and 
™iQm* 'ai''''»>ilii"'si[iua ''a^o' ^'^^^ Organ. The lacunar system of the 
towirda, tnit not openLdg iniu. Che Stelleroidea differs in the absence of an 
S)-d™;o9in;""g8niuTst™ndB.'*' absorbent network, and is, says Cudnot, 
a derivative of the axial organ, and 
therefore endodermal, i.e. it is only the pseudhaemal system greatly 
extended. 

Bespiratioti takes place through all exposed processes of the 
ambulacral system, and through the body wall where thin enough, 
as in some Holothurians. Specialised outgrowths or foldings of 
the latter are : the "external gills" of Echinoidea, outgrowths of 
the circumoesophageal sinus ; the papulae of Asteroids, containing 
diverticula of the body cavity; the bursae of Ophiuroids; the"pectini- 
rhombs " of some Cystids ; the " hydrospires " of Blastoids and 
some Crinoids. Eespiration is also effected by water entering the 
alimentary canal, whether through mouth or anus ; in the latter 
case it is again expelled. Special structures connected herewith 
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are: the "respiratory trees," which occur in some HoIothuriaDS 
as outgrowths from the cloaca ; the anal tube of Crinoide, which 
in some Palaeozoic fonns was large and with folded walls, forming 
the so-called " ventral sac " ; the " accessory intestine " of Echinoids, 
a kind of by-pass, permitting water to Sow through without 
interfering with the digestive process going on in the main gut. 

IiTrnph-glands. — The amoebocytes are formed in specialised 
g^ndular regions of both haemal and ambulacral systems. Of 
the former nature are the radial and pharyngeal vesicles of Regular 
Echinoids, first described by Prouho(1888); the greater part of the 
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Stelleroid lacunar system, just mentioned ; and the " spongy organ " 
of Crinoids in the oral ring. Connected with the ambulacral system 
are the " Polian vesicles " found in most Echinoderms other than 
Crinoids, and the "Tiedemann's bodies" of Asteroidea (p. 243). 

The primitive Heaenchyme cells, derived chiefly by migration 
from the endoderm, partly from the ectoderm, have a large nucleus 
and indistinct, often amoeboid, cytoplasm. From them are developed 
connective and muscular fibres, amoebocytes and calcigenous cells, 
and intercellnlar, gelatinous, and fibrous substances. Themnscle-flbre 
(Fig. XXIII. 6-9) derived from a single cell is smooth and straight, 
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clearly defined at the ends, with a lateral Ducleus. A few striated 
muBcIe-fibrea are known in Echinoidea (Geddee and Beddard, 1881 ; 
Hamann, 1887). A Bemi-muscular, hyaline tissue of wavy, nucleated 
fibrile is peculiar to Crinoidea, and is called "ligament tissue." 
There are also muscles of endothelial origin. Oonnectlve tiune 
fibrils are nucleate and vary in length and shape ; there are also 
rounded or stellate cells (Fig. XXIII. 4, 2). IntsrcellaUr mtotuiM, 
secreted by mesenchyme cells, often attains great thickness in 
the integument ; it may remain a soft jelly, or become tough aa 
indiarubber, or may split up into interlacing fibrils; it uau&lly 
contains amoebocytes and ordinary connective tissue cells ; it forms 
also interarticular substance (Fig. XXHI. 14), elastic ligament, 
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and the walla of internal organs. Parallel structures are found in 
the cartilage of Vertebrata. 

The formation of a calcaroons skeleton by the mesoderm was 
as pronounced in the oldest known Echinoderms as it is toH)ay, 
indeed, more so. To the prickly akin, so commonly a result of 
this, is due the name of the phylum (<x'^'°f< ^ hedgehog; hipjut, skin). 
Amoeboid cells In the mesenchyme have the power of fusing by 
pseudopodia into plasmodia or into reticular tissue (Fig. XXIV.). 
Where the pseudopodia meet and fuse, the protoplasm secretes 
a small calcareous spicule (intracellular, Th^el ; extracellular, 
Semon), which gradually increases in size along the lines of the 
pseudopodia. Such spicules meet and fuse by their processes, 
thus building up a hard tissue (" stereom "), with a structure that 
in section appears reticular, but really is more like a beam-and- 
rafter-work. As, in the growitig Echinoderm, the protoplasmic 
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reticulum becomes a more definite stroma, so the pattern of the 
stereom acquires definiteness, and varies in the different parts of 
an individual, as well as in different species. In the course of 
ages the spicules of the adult have themselves come to acquire 
definite shapes characteristic of species, and this is notably the 
case with the complicated " wheels," " anchors," and " tables " of 
Holothurians (Figs. II. 3, 6; V. 6, 7, pp. 222, 233) ; but, as Stewart 
and Bell have shown, also applies to the spicules of the thecal 
cavity in sea-urchins. The spicules of the theca usually fuse into 
plates, those of the appendages (brachia, stem, etc.) i^to ossicles. 
There is no real distinction; but it is often the case that the 
reticulum of the ossicles runs in straighter lines, while that of the 
plates is a more open mesh- work; this is due to the definite 
arrangement of the connecting fibres of the stroma in the append- 
ages, and when this is definite in the theca the result, as we shall 
see under Cystidea (p. 42), is the same. Attempts to use this 
as an important character in distinguishing brachials from radials 
(p. 112), or a dorso- central from columnals, have no secure 
foundation. The stereom is absorbed by cells similar in outward 
appearance to those which deposit it, and the calcareous salts are 
transmitted by communicating pseudopodia from the absorbent to 
fresh depositing cells. Thus the spicules of the Echinoid Fluteus 
form a reserve for the growing urchin ; thus, too, the anal plate 
of the growing ArUedon is absorbed, and its material used by the 
increasing radials. Th^el, to whose observations (1892-96) much 
of this knowledge is due, compares the reticular tissue, the 
osteoblasts, the osteoclasts, and the *^ Howship's foveolae " formed 
by the latter, of Vertebrata with the similar structures in Echino- 
denna. Bone in its first stages, especially that formed in connec- 
tive tissue, is marvellously like Echinoderm stereom, and is like- 
wise of mesodermic origin. But, whereas bone is an extracellular 
formation, it is probable that the spicules of Echinoderms, like 
those of Sponges, are intracellular. The otoliths of some 
Holothurians and the biscuit spicules of others (see p. 224) are 
distinctly intracellular formations. Bone, moreover, is phos- 
phate, not carbonate, of lime, and does not retain the markedly 
crystalline character always possessed by Echinoderm stereom, 
even when highly complicated. Each skeletal element of an 
Echinoderm acts as a crystallographic individual, polarising light 
and cleaving along the planes characteristic of calcite. In fossils 
the cleavage is often emphasised by an infilling of the spaces with 
secondary calcite which has axes identical with those of the original 
crystal. According to Semon (1887), every skeletal element begins 
as a tetrahedron, usually in the form of a trifid spine with branches at 
an angle of 120°. The formation of similar spicules in sponges has 
been studied by Minchin (1898, see Part II., Chapter on Porifera). 
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The epiblast develops into an ectoderm, ciliated in whole or 
part. In the adult thje often becomes merged in the mesoderm 
ao aa to be indiatinguiBhable ; in Ophiuroids it is for the most part 
calcified by the immigration of calcigenous cella ; in Asteroids and 
Ecbinoids it remains with its cilia; in Crinoids it remains on the 
tegmen of some forms, and in the ventral groovea, where it is 
ciliated ; in Holothiirioidea it is very variable, being best preserved 
in Synaptidae. From the epithelium ie derived the superficial 
"oral nervous system," composed of the circumoral ring and 
radial nerves. In Aateroidea and Crinoidea this remains on the 
surface, but in the other classes it sinks below, while the grooves in 
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which the nerves originally lay are closed over them, forming 
"epineural canals" (Fig. XIII.). 

Two other nervous systems are formed in Echinoderma : (a) 
the " deeper oral nervous system " from the mesoderm, underlying 
and roughly following the course of the superficial system ; aaid 
to be absent in Crinoids, but is probably represented by their 
" sub-epithelial system " ; present in all other Echinoderms except 
those Echinoids that have no masticatory apparatus ; it chiefly 
innervates the muscles in the oral aide of the body wuli ; (i) the 
" apical nervous system," most pronounced in Crinoida, and derived 
from the endothelium of the axial sinus ; it is believed to occur in 
all other classes except Holothurioidea ; it innervates the dorsal 
musculature of the test and appendages. 
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Sense -organs are but slightly developed. They are tactile, 
visual, and auditory or orienting. Tactile organs are furnished 
by the ambulacral appendages, the epines, and the pedicellariae. 
liie chief among the ambulacral appendages is the " terminal 
tentacle," the unpaired end of the perradial water-canal, differ- 
entiated only in Stelleroidea and Echinoidea (Fig. XXV. 1). In 
Asteroida it is coated with columnar epithelium bearing long cilia 
and innervated by the radial nerve ; in Ophiuroids this nerve, 
which ie sub-epithelial in the arm, becomes epithelial in the 
tentacle; in Echinoidea the terminal tentacle is a sensory papilla 
penetrating the pore in the " radial " or " ocular " plate of the 
apical system. The remaining ambulacral appendages, the podia, 
whether sucking feet, as in Echinoidea, Holothurians, and Asteroids, 
or tentacles, as in Ophiuroids and Crinoida, are highly sensitive, and 
sometimes have special developments. Thus, on the adoral aide 
of the oral tentacles of Synaptidae are two rows of papillae, of 
which the tip is concave and ciliated ; these are called " sensory 
buds," and supposed to be organs of smell or taste. Again, the 
podia of Crinoids have small papillose projections, each papilla 
armed with three stiff but fine hairs. Similar papillae, sometimes 
more developed, occur in some Ophiuroids and Echin 
occur chiefly in Echinoids, less pro- 
nounced in Stelleroids, and rarely in 
Crinoids and Blastoids. Not all spines 
are sensory. The smaller spines of Cidar- 
oida, surrounding the larger spines and 
the main openings of the theca, are 
covered with ciliated epithelinm, and 
bear tactile hairs at the tip ; the minute 
spines (dawlox') on the fascioles of Spat- 
angidae (see p. 319) likewise have a 
ciliated integument, probably with sen- 
sory cells. The club-shaped spines of 
some Ophiuroids are covered with a 
glandular and sensory epithelium. P«ii- 
uXlariae occur in all Echinoids, some 
Asteroids, and a few Ophiuroids ; they are 
small, forceps-like appendages derived 
from spines (see p. 287). All are covered 
with a glandular, sensory epithelium, 

which in the "glandular pedicellariae" nip ii' b l^Vc or Btiutoiaoniiig 
of some Echinoids develops special tactile fbMC™'t'i;T«r"'iif^ti.^^™iI 
prominences. Visual organs are known f''* g«n^ionst«i to) nervous 
only in all Asteroids, a few Echinoids, and '**"' 
Synapta, but other (probably all) Echinoderius are sensitive to light, 
owing, perhaps, to the action of the pigment-bearing amoebocytes. 




'V body (p^0> poMiblj a vnciMj' 



32 ECHINODERMA--GENERAL DESCRIPTION 

In Asteroids (Fig. XXY. 1) an eye-spot {e) lies at the base of each 
terminal tentacle (/) on its aboral side. This spot is a red cushion 
in which are many conical cups, each representing an eye (Fig. 
XXY. 2). The wall of each cup is formed of pigment cells and 
interspersed unpigmented retinal cells (Fig. XXV. 3), The 
Echinoid IHadema setosum has a black integument with numerous 
spots which, owing to interference of light, appear blue. Each 
blue spot, as proved by P. and F. Sarasin (1887), is a com- 
pound eye (Fig. XXV. 4). The structure of a single element is 
shown in Fig. XXVI. Supposed auditory organs ("Baur's 
vesicles" or otocysts) have been described only in some Holo- 
thurians, e.g. Synapta (see Fig. XVII. oc ; also p. 234 and Fig. V. 5 
on p. 233). The sphaeridia of Echinoids (see p. 288) are sup- 
posed to be organs of orientation, or of taste and smell (Lov^n), 
or for appreciating chemical changes in the water (Ayers, 1885). 
They occur only on the oral side of the theca, and when the 
aninial is in the natural position they hang down like the clapper 
of a bell ; but when the animal is tilted, each sphaeridium presses 
against the nerve cushion surrounding its stalk. 

Distinctive Characters of Phylum and Classes. — The foregoing 
account has introduced the fundamental features of Echinoderm 
morphology, laying stress on characters common to the whole 
Phylum rather than on those that distinguish the various classes. 
It has, however, tended to show the inner meaning of those out- 
ward distinctions between the chief types with which the chapter 
opened, and the student may perhaps have realised that "the 
homologies within the Echinoderm stock " are, as Semon has in- 
sisted, often more apparent than real. In drawing up a definition 
of the Phylum that shall include the most primitive forms of fixed 
Echinoderms known, one cannot utilise most of the characters 
usually thus employed in systematic treatises, since they are 
secondary, homoplastic acquisitions, often with no true homology. 
It is, for instance, not sure that all Echinoderms have a radiate 
symmetry, even an obscured one. It is true that all recent 
Echinoderms have a lacunar, haemal system ; but that system in 
Stelleroidea is not homologous with the one in Crinoidea. It is 
highly probable that all animals to which the name " Echinoderm " 
could have been applicable since the beginning have had a portion 
or portions of the anterior coelom specialised as a hydrocoel ; but 
this is different from the questionable assertion that all Echino- 
derms have an ambulacral system. 

On the other hand, in any attempt to limit the several classes, 
respect should be paid to deep-seated structures illustrative of past 
history and genetic affinity rather than to the obvious but super- 
ficial differentiations that characterise the representatives now 
living. We have to make our classificatory partitions run back 
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as far as possible. Since the factor determining the lines of 
evolution appears to have been position with regard to the sea- 
floor, this must no longer be contemned as " mere difference of 
habit." The first Echinoderms were not necessarily fixed, but 
fixation probably affected all representatives of the Phylum at an 
early period and produced gradual changes, the first being the migra- 
tion of the mouth and left hydrocoel to the upper pole. Those 
forms in which the oral pole remained uppermost, whether actual 
fixation by the aboral pole persisted or no, are to be distinguished 
from those in which the oral pole again shifted, accompanied by loss 
of fixation. Leuckart's term Pelmatozoa (1848), though primarily 
connoting the actual or potential possession of a stalk, has come 
into general use for the former group. The term Statozoa, pro- 
posed by Bell (1891), implies absence of locomotion, and is 
therefore not so great an improvement as to compel its adoption. 
The term Crinoidea was extended by Roemer (1851) to include 
all Pelmatozoa, but such extension does violence to the intentions 
of J. S. Miller, the coiner of the name (1821). The forms with 
oral pole uppermost may, it is true, be divided into classes ; but, 
as maintained by Huxley and Ray Lankester, their genetic con- 
nection is so evident that it should be recognised by the establish- 
ment of a Sub-phylum, to which we shall continue to apply the 
name Pelmatozoa. The included classes, as hereafter explained, 
are the Cystidea, Blastoidea, Crinoidea, and Edrioasteroidea. The 
remaining classes of Echinoderma have been placed together by 
P. H. Carpenter and others as Echinozoa, but may more con- 
veniently be spoken of as Eleutherozoa (a term originally used by 
Bell in a sense excluding Holothurians). Their genetic connec- 
tion, however, is only that due to descent from the Pelmatozoa ; 
even if all Eleutherozoa descended from one class of Pelmatozoa, 
they did so at widely differing periods. The Holothurians must 
have cast loose before the genital organs had been affected by radial 
symmetry, and are thus, as well as by the horizontal position of 
the oro-anal axis and the retention of the M plane as sagittal, 
sharply distinguished from Echinoidea and Stelleroidea. The two 
classes last mentioned were with some reason opposed by 
Leuckart to Pelmatozoa and Holothurioidea (or Scytodermata, 
as he called the latter) as Actinozoa ; but they differ in important 
features. If Cu^not's interpretation of the lacunar systems be 
correct, it seems as though the Echinoidea branched off before 
radial symmetry had greatly affected the coelomic lacunar system 
derived from the axial sinus ; similarly the digestive system 
retained its coiled and non-radiate arrangement; moreover, the 
sinking of the ambulacral water-vessels and nerves below the test 
here diverged further from the Pelmatozoic type than is the case 
in Asteroidea. The extension of the ambulacra nearly to the 
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aboral pole in Echinoidea and the development of a special 
terminal plate at the end of each ray in Stelleroidea afford 
features of much diagnostic value, but of less morphological im- 
portance. English writers have usually regarded the Asteroidea 
and Ophiuroidea as well-defined classes. The normal forms are 
in fact markedly separate, but the evidence of ontogeny, as well 
as the existence of connecting links now, and the approxima- 
tion of the two groups in Palaeozoic time, renders this view 
difficult of acceptance, so that they are here combined in a class 
Stelleroidea. 

Diagnosis of Ecliinoderma. — Metazoa, coelomata, triptoblastica, 
living in salt or brackish water, with a primitive bilateral sym- 
metry still manifest in the right and left divisions of the anterior 
and posterior coelom ; with a hydrocoel primitively developed from 
each half of the anterior coelom, and connected with the exterior 
by a water-pore ; with stereom composed of crystalline carbonate 
of lime deposited by special amoebocytes in the meshes of a 
mesodermal reticulum or stroma, chiefly in the integument (absent 
only in the highly modified Pelagoihuria, p. 230, and, according to 
Koehler, in the Holothurians Stkhopus pollens and S, torvus) ; with 
gonads derived from the endothelium, apparently of the anterior 
coelom ; total segmentation of the ovum produces a coeloblastula 
and gastrula by invagination ; mesenchyme is formed in the seg- 
mentation cavity by migration of cells, chiefly from the hypoblast. 

Known Echinoderma show the following features (imagined to 
be due to an ancestral Pelmatozoic stage) : — Increase in the 
coelomic cavities of the left side and atrophy of those on the right ; 
the dextral coil of the gut, recognisable in all classes, though 
often greatly obscured ; an incomplete secondary bilateralism 
about the plane including the main axis and the water-pore or its 
successor, the madreporite, often obscured by one or other of 
various tertiary bilateralisms ; the development of the hydrocoel 
into a circumoral, arcuate or ring canal, the hydrocircus ; except 
in the small (but increasing) number of known cases in which care 
of the brood has secondarily arisen, development is through a 
free-swimming, bilaterally symmetrical, ciliated larva, of which 
in many cases only a portion is transformed into the adult 
Echinoderm. 

All living, and most extinct, Echinoderms show the following 
features (almost certainly due to an ancestral Pelmatozoic stage) : 
— An incomplete radial symmetry, of which five is usually the 
dominant number, is superimposed on the secondary bilateralism, 
owing to the outgrowth from the peristome of one unpaired and two 
paired ciliated grooves ; these have a floor of nervous epithelium, 
and are accompanied by subjacent radial canals from the hydro- 
circus, giving off lateral podia and thus forming ambulacra, and by 
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a peeudhaemal system of canals apparently growing out from 
coelomic cavities. 

All living Echinoderms have a lacunar, haemal system of 
diverse origin. This, the ambulacral system, and the coelomic 
cavities contain a fluid holding albumen in solution and carrying 
numerous amoebocytes, which are developed in special lymph- 
glands and are capable of wandering through all tissues. 

The Echinoderma may be divided into seven Classes, the 

mutual relations of which are roughly represented in the annexed 

table. 

Cystidka Edrioasteroidea 



— HOLOTHURIOIDEA ^ 

- ECHIKOIDEA [(ELEUTHEROZOA) 

— Stelleroidea ) 
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Crinoidea 
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CHAPTER IX. 

THE PELMATOZOA CYSTIDEA.^ 

GRADE A. PELMATOZOA, Leuckart (1848) 
( = Crinoidea, sensu lato AudL). 

Class I. Cystidea. 
II. Blastoidea. 
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III. Crinoidea. 

IV. Edrioasteroidea. 



ECHINODERMA with the viscera enclosed in a calcified and plated 
theca, of which the oral surface is uppermost, and which is usually 
attached, either temporarily or permanently, by the aboral surface. 
Food brought to the mouth by a subvective system of ciliated 
grooves, radiating from the mouth either between the plates of the 
theca (endothecal), or over the theca (epithecal), or along processes 
from the theca (exothecal : arms, pinnules, etc.), or, in part, and 
as a secondary development, below the theca (hypothecal). Anus 
usually in the upper or oral half of the theca, and never aboral. 
An aborally placed motor nerve-centre gives off branches to the 
stroma connecting the various plates of the theca and of its 
brachial, anal, and columnar extensions, and thus co-ordinates the 
movements of the whole skeleton. The circumoesophageal water- 
ring communicates indirectly with the exterior; the podia, when 
present, are respiratory, not locomotor, in function. 

The origin and meaning of many of these characters have 
already been discussed in the general section. The origin of 
others will be traced in following the history of the Grade ; and 
many of them will be more fully discussed under Crinoidea, in 
which class alone are they adequately known. 

The classes of Pelmatozoa here adopted are of very unequal 

^ By F. A. Bather, M.A. Since the majority of Pelmatozoa, being of extinct 
types, present peculiar difficulties, the student unfamiliar with Echinoderm structure 
is recommended to begin either with the description of a simple Crinoid (Chapter XI.), 
or that of a Starfish (Chapter XIV.). 
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value ; and to place them either in a line or side by side does not 
represent their phylogenetic relations. Such, probably, would be 
better shown by placing a primitive class, Amphoridea, at the 
base and deducing from it several lines of descent, viz. Edrioas- 
teroidea, Anomalocystida, Aporita, Hhombifera, and Diploporita. 
From the Edrioasteroid line, we may suppose, there sprang first 
Holothurians, then Stelleroidea, then Echinoidea, while the line 
itself still survived in more specialised forms to the close of the 
Carboniferous period. The Diploporite line ought properly to 
include the Blastoidea ; and from it probably there arose, as a fresh 
development with a new lease of life, the important class, 
Crinoidea. The other lines were unsuccessful and none survived 
the Silurian. But to make the classification coincide absolutely 
with this history, which after all is not yet proven, would be to 
reject names and classes that have held the field for more than 
half a century in favour of new and unaccepted terms. Old 
names, therefore, have been retained so far as possible. The 
diversity of existing opinion, however, may serve as excuse for a 
few novelties. Such are the use of HaeckeFs Amphoridea, in an 
emended sense ; the resuscitation of Edrioasteroidea ; the emenda- 
tion of the Rhombifera, Aporita, and Diploporita, and of the 
included families, which, when not new, are rarely used in the 
sense of the original proposer ; the extension of the Blastoidea, 
and their division into Proto- and Eu-blastoidea ; a considerable 
revision of the accepted classification of Eublastoidea ; and a 
recasting of the classification of Crinoidea. 

CLASS I. CYSTIDEA, Von Buck (1844). 

Order 1. Amphoridea. 
„ 2. Bhombifera. 
„ 3. Aporita. 
„ 4. Diploporita. 

Pelmatozoa in which radial polymeric symmetry of the theca 
is developed either not at all or not in complete correlation with 
the radial symmetry of the ambulacra (such as obtains in Blastoidea 
and Crinoidea) ; in which extensions of the food -grooves are 
exothecal or epithecal or both combined, but neither endothecal 
nor pierced by podia (as in Edrioasteroidea). 

The earlier and more primitive Cystidea represent the pelma- 
tozoic stage through which the Echinoderm race passed, on its 
way from the Dipleurula to the various classes. They shed light 
not only on the origin of those classes, but on the still more 
ancient ancestor of the Phylum. The remarkable adaptability of 
the Echinoderm type, the mode of origin of many organs, and the 
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biological phenomena of homoplasy and convergence, can also be 
studied in this class. 

The Cystidea were first separated from other fk^hinoderms, 
under that name, by L. v. Buch in 1844 and 1845. His definition 
laid stress on the fixed condition, the irregularity of the thecal 
plates, and the absence of arms like those of Crinoidea. Sub- 
sequent discoveries of stemless cystids, of cystids with radial 
symmetry in the theca, and of arm-like structures in most cystids, 
have made the letter of this definition untenable ; l)ut its spirit 
holds good. The difiiculty that this class has presented to 
systematists is chiefly due to these factors : (1) The rarity and ill- 
preservation of these old Palaeozoic fossils; (2) the ancestral 
nature of the group and the consequent existence of links between 
it and other groups ; (3) the wrongful ascription to the Cystidea 
of various genera (e.g. PorocrinuSy Stephanocrinus, HypocrinuSy 
Echiiwcystis) ; (4) the extraordinary diversity of structure in the 
class, a feature common to most groups at their origin, and pro- 
ductive in this case of many lines of development, only a few of 
which have become so severed from the rest as to be regarded as 
independent classes {e,g, Blastoidea and Crinoidea, distinguished 
by all ; Edrioasteroidea, distinguished by a few ; Anomalocystidae, 
not distinguished, but quite as separate) ; (5) the rapid develop- 
ment of the class, from the exceedingly simple Aristocystis to such 
highly specialised forms as LepadocrinuSj Caryocrinus, and Mesocystis, 
Hence the diagnosis cannot be elaborate, and must be mainly 
negative. 

Most of the classifications hitherto proposed have been based 
upon one set of characters; thus ZitteFs (1879) adaptation from 
Johannes Miiller (1854) is according to the structure of the thecal 
plates (Aporitidae, Diploporitidae, Rhombiferi) ; Barrande's 
division (1887), not intended as taxonomic, is according to the 
number of openings in the theca. A far better arrangement is 
that initiated by Pictet (1857), extended by Bronn (1859), and 
modified by Dujardin and Hup4 (1862); this, however, is rather 
a key to genera than a classification into orders and families. 
Attempts have also been made {e.g. Forbes, 1848 ; and Neumayr, 
1889) to determine the lines leading from the Cystidea to other 
classes ; and on such principles Steinmann ( 1 888) founded his 
classification into Eucystoidea, Cystechinoidea, Cystasteroidea, and 
Cystocrinoidea. A classification on true phylogenetic principles 
was first published by Haeckel (1896), who only failed from want 
of acquaintance with the facts of Cystid structure. The classifi- 
cation in this text-book attempts to express the actual lines of 
descent as inferred from an independent study of the fossils. 

The main lines of descent are these. The starting-point is a 
simple, many-plated, sac-like form (e.g. Aristocystis^ Fig. II. p. 44), 
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in which neither ciliated food-grooves, though perhaps present, 
nor radial ambulacra! vessels, have left any trace on the skeleton, 
in which the porous structure of the stereom is indefinite, and in 
which no stem is differentiated. Modifications of this soon 
appeared in many directions. In one direction arose an antero- 
posterior flattening of the theca and the extension of food-grooves 
along two lateral articulated spines, with a peculiar and character- 
istic arrangement of stereom ; this was accompanied by develop- 
ment of a st^m (Anomalocystidae, pp. 49, 52, Figs. XL-XIII.). In 
another direction was an extension of the theca downwards to 
form a stem, and upwards from the mouth to form a single jointed 
process for the support of a ciliated groove (Dendrocystidae, 
p. 47, Fig. IX.). Neither Anomalocystidae nor Dendrocystidae 
proceeded very far, and they may conveniently be grouped with 
Aristocystidae and a few other primitive forms into an order, 
Amphoridea, distinguished from the rest chiefly by absence of 
radial symmetry in food-grooves and ambulacra. 

A very different modification was that which produced a theca 
flattened horizontally, with five ciliated grooves passing from the 
mouth between its plates (" endothecal "), and protected by distinct 
covering-plates ; ambulacral vessels lay beneath or within the 
grooves, and podia from them passed between the adjacent thecal 
plates. So different is this type from those of other Echinoderma, 
that such forms have here been separated as a class, Edrio- 
ASTEROIDEA (Chapter XII.). 

Returning to the primitive Amphoridea, we find a difficulty in 
distinguishing some of them from their immediate descendants, 
owing to the very slight traces left on the theca by the originating 
extensions of the food-grooves. Those forms in which such traces 
are perceptible may almost from the outset be grouped under two 
heads. One group includes those in which the grooves wander 
outwards from the mouth over the thecal plates, which gradually 
become arranged regularly on either side of the grooves, while still 
further extensions ascend from the " epithecal " grooves on small 
" exothecal " processes called " brachioles." In the other group 
the grooves do not tend so much to stretch over the theca as to be 
raised away from it on relatively larger brachioles, arising in 
the immediate neighbourhood of the mouth. 

At the same time, a difference manifests itself in the structure 
of the thecal plates. From the indefinite relations of stereom and 
stroma noticed in earlier Amphoridea arise two types of structure 
(Fig. I.). The canals traversing the stereom, more or less per- 
pendicularly to the thecal surface, either cease to be simple 
(" haplopores ") and become connected in pairs (** diplopores ") still 
l>erpendicular to the surface ; or they come to lie parallel to the sur- 
face and at right angles to the sutures. In the latter case we may 
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auppoBe that the canals represent etroma atranda continuous 
across the sutures ; those crossing any one suture come to occupy 
a rhombic area bisected by the auture-line, and, since, in weathered 
plates, there appear to be pores at tbe ends of these canals, the 
areas have been called " pore-rhombs " {Poren-ravien, see Fig, XV., 
Eehinotphaera, and XVI., Orocysiis). There also takes place a gradual 
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1 the area, and a decrease in the number, of the thecal 
platea relative to the size of the theca; perhaps the folds that 
often radiate from the umbo of each plate are connected with this, 
for they muat have strengthened the plates, like the folds in cor- 
rugated iron or pasteboard. These folds may coexist «-ith diplo- 
pores or with pore-rhombs ; but they are clearly more adapted to 
the latter structure, and often aeem to merge with it and accentuate 
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it. Thus is evolved a highly specialised type of stereom-folding 
known as a " pectini-rhomb." Now, although it is difficult to 
separate all the forms at the first parting of the ways, it is soon 
seen that diplopores are almost confined to the genera with 
epithecal extensions of the subvective system, while those with only 
exothecal extensions are characterised by pore-rhombs or pectini- 
rhombs. There is therefore justification for the old divisions 
DiPLOPORiTA and Rhombifera, as orders, in a restricted sense. 

The Diploporita (p. 70) show a gradually increasing regularity 
of structure in the food-grooves, and in their relations to the 
theca, leading almost imperceptibly to the Blastoidea. So much 
is this the case that it seems well to separate from the Cystidea 
certain forms in which "the radial ix)lymeric symmetry" ts "in 
complete correlation with the radial symmetry of the ambulacra " 
(see definition, p. 39), and to refer them to the Blastoids as an 
order Protoblastoidea (p. 79). The only alternative is to make 
the Blastoids an order of the Cvstidea. 

In many of the Rhombifera (p. 52) a peculiar modification of 
the food-grooves takes place, in that they are continued over the 
theca, not directly on the thecal plates themselves, but by a 
proliferation of plates from the mouth region. The grooves thus 
formed have been termed " recumbent arms " or " pseudambulacra, 
and are fringed with brachioles. This type of ambulacral structure 
was independently developed in this order more than once ; but it 
is most common in the group of genera characterised by pectini- 
rhombs and by pentamerism in the theca (family Glyptocystidae, 
p. 58). A group with pore-rhombs highly developed inside the 
theca, and with hexamerous symmetry, is distinguished as the 
family Caryocrinidae (p. 65). In it the food-grooves tend to be 
enclosed by thecal plates (" hypothecal "). 

The orders already mentioned do not include all genera that 
come under the terms of our definition of Cystidea. From early 
forms of Rhombiferi, or perhaps even directly from Amphoridea, 
there arose a small group in which neither diplopores nor pore- 
rhombs were developed, at all events to the same extent, but the 
number of thecal plates was greatly lessened and exothecal 
brachioles were developed. The best known of these is Cryptocrinus 
(p. 69). One might adopt Aporita {sens, sir.) as an ordinal name. 



» 



Order 1. Amphoridea, Haeckel (1896, pars). 

Primitive Cystidea in which radial symmetry has affected 
neither food-grooves, nor thecal plates, nor, probably, nerves, 
ambulacral vessels, nor gonads. 

Haeckel included under this name rather more forms than are 
here referred to it, and separated them from the Cystidea as a 



THE CYSTIDEA 



primitive class of Echinoderma, comparable to tho Pentactula 

Btaga passed through in the (Jevelopment of all their descendants. 
The more characteristic and undoubted Amphoridea, however, 
represent only a stage in the development of the Echinulerm type 
and not a divergence ; they are too intimately connected with 
more specialised Cyatidea to warrant separation as a class. It 
should also be remembered that, tfaoDgh such a stage as this 
probably was actually passed through, still forms are liable to be 
referred here, owing to our ignorance of their true structure. 

Family 1. Aribtocvstidae. Amphoridea without extension of food- 
grooves, cpithecally, undothecally, or on exothecal skeletal processes. 
Theca composed of numerous plates without r^ular arrangement or 
Bpecialised structure. No stem. Genera— ..Irwtoci/irtM, Borrande (1887), 
Ordovician. Bohemia (Fig. II.), is in many respects the simplest Echino- 
derm known. The ovoid 
thera is composed of IBO- 
SOO plates, of no definite 
shape or arrangement, bat 
with a tendency in the nar- 
rower, aboral half of the 
theca to form tronsTcne rows 
of elongate hexagons. The 
animal usually fixed itself to 
.'4ome solid body by a portion 
of the theca at or near the 
lower pole (£). At the upper 
pole is the mouth (0), a 
wide alit in the transversal 
plane, with slightly raised 
edges. About a third of the 
way down the theca is the 
round anal opening (A^ 6-8 
mm. in diameter, closed by 
six or seven triangular plates, meeting in the centre, and known as 
" the valvular pyramid." Between mouth and anus, and usually a 
little to the left, are two smaller openings — a transverse slit (Af) 
close to the mouth ; and a round pore (ff) close to the aims. Of these M 
is regarded by P. H. Carpenter (1B91) as the hydropore, and G as the 
gonopore, a view accepted by Haeckel ( 1 896) and adopted liere. There is 
no trace of calcified arms or brachioles, whether jointcil or solid, nor even 
of epithecal or hypothecal extensions from the hydrocoel ring or from the 
moulh. The kydrophoret palmAs described by Barrande, and supposed by 
NeumajT (1899) and P. H. Carpenter (1891) to be subtcgniinal ambulacra, 
are really epithecal food-grooves, and have not been proved to belong to 
this genus. The plates of the theca are thick, especially at its lower end ; 
they are said by Barcande to be composed of three layers (Fig. III.) : 
(e) outer, thin, smooth, and solid ; (m) middle, thick, pierced by irregular 
canals, more or less at right angles to the outer surface ; (A) inner, thin, 
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paesing np into the suture lines and into the ends of the catiots, gmooth 
on iu inner aurfoce. Doubt has been cost on the existence of these three 
layera, bat examination of well-preserved specimena suggests the follow- 
ing interpretation ; — (m) is homologous with the " mesostereom " of all 
Echinodems, its plates were deposited in a stroma of connective tissue, 
and presented not only large mesbea, but continuous larger canals for 
the passage of strands of stroma, and perhaps of lacunar blood-vessels : 
the stroma was thus continuous throughout each plate, and strands often 
passed over the outer surface, uniting the larger strands and sometimes 
ptoducii^ the fpvovea bent in horse-shoe, as at S in Fig. I, ; («) is not 




iKoui ill»olv«d iway. x 6 ilium. (Altsi KouaiilL) 



a trolj calcified epistereom, but probably represents a hard epidermis ; 
thete is little doubt that some structure did actually cover the outer ends 
of the canals ; (A) represents the inner layer of the integument, which 
towards the margins of each plate was often differentiated iuto clastic or 
muscular strands, uniting adjacent plates and giving flexibility to the 
thcca ; if calcifieii, this layer would be lioniolc^ous with the "hypo- 
atereom " of many Crinoida, but, as in the case of (e), ilient is only 
preserved to us the space which it occupied, filled with subsequent 
infiltration or with iron oxide precipitated during the decomposition of 
the o^anic matter. The primitive features of Arisl<ic<jslii are then: 
indefinite shape of theca, indefinite arrangement of plates, undifferentiated 
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etTucture of Btereom, absence of at«m and of definite base of attactunent, 
absence of arms, absence of ambulacra, a single and independent gonopoie 
a» in Holothnrians. 6'alur, Rouault (1861-78 ; syn. Craterina, Barr. pars, 
1887), Ordovician, France and Bohemia (F/g. IV.). The theca is a. bowl 
or vase of very thick plates, with an oral covering of very thin ones 
rarely preserved. There is usually a marked hollow at the lower end. 




but C. Sedgviida, Rouault's tjpe-speciea, has a short, atem-like promi- 
nence (St). The canals in the plates tend to definiteness of arrangement, 
especially at the lower end, where they seem to radiate frum the hollow. 
The connection of the canals at their outer ends, to form pairs, is often 
marked (Fig. V.). All these characters are exaggerations of some already 
noted in Arutoajetis. The tenuity of tbc upper surface, and its conse- 
quent disappearance in most specimens, have 
li _ n permitted the recognition of only one aperture, 
which is pentf^onal, ami probably represents the 
anal pyramid (Fig. VI. 2). Specimens with hydro- 
phorea palmeex have been referred to this genu^ 
but Iwlong to (p. 73) Diploporita. Piioeyttii, 
LapUlocystii, and Acantlioeyslii, Cambrian, and 
Bnculocystig, Ordoviciui, Bohemia, all described 
by Barrande, are probably referable to this order 
if not to this family. Lodauella, Kayser (1885), 
Lowest Devonian, Germany, though called a 
sponge, is very like Valix. Lhuincystis, Barr. 
(1887), Ordoviciau, Bohemia (Fig. VII.), is dis- 
tinguished from AriMoc^dh by the greater irregu- 
larity in size of the thecal plates (comparable to 
Flu. VII. ^^^ arrangement of plates in the carapace of some 

' Bt>itni-ysiiii.iai,nni rMtor™i sxtinct edentates, Glyptodontidae), and by the 
OH the fviilc:in>9 of ItunntiilB, absence of an independent gonopore, tliis having 
tlK.'ll."' '* "^""''"^ '" '" fused either with the anus or with the hydropore. 
There are signs of fixation by the aboral end of 
the theea (B), where the plates are larger and tend to lie in ruwa The 
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mouth (0) is Burrounded by five large plates, forming a alight projection, 
Bomewhat eccentric The anal pyramid {Ai) has five plates. The bydro- 
pore (M), B little to the right of the line joining mouth and anus, was 
covered by a small pyramid of three plates, the impressions of which 
on the internal cast (the only part preserved) have been regarded as three 
openings. The canals in the thecal plates are more numerous near their 
margins. Certain species, iu which the plates seem mure rounded, not 
closely apposed, and perhaps without canals, in which the anal pyramid 
had four plates, and in which the hydropore was not tripartite {t.& had no 
valvular plates), have been separated by Haeekel (1 896) as agenus, Amphora- 
cyttis. Firocygtis, Barrande (1 887), Ordovician, 
Bohemia (Fig. VXIL), had a pear-shaped theca trun- 
cate below fur fixation (St), but still without true 
stem. The anal pyramid bad six plates (As) ; other- 
wise it was much like Deutocygtu. The regularity 
of the adoral plalea in these two genera suggests 
that they may eventually prove to be early forms of 
Diploporita or Rhombifera. 

The Lower Niagara rocks (Silurian) of Indiana 
and neighbouring states have yielded numerous forma 
resembling ArMocyftie in external appearance and 
structure of theca, but with an anibulacral system 
apparently presenting three grades of organisation. Km. viii. 

They have all been described under the generic Pir^<i>tia jvirum, re- 
name Holoeystilef or Holocydis, a name previously ovidenco of Banind*, 
given to a coral, and therefore bound to yield to tlie ^- -*: I*''*""!! «» i" 
alternative MeijacyslU, Hall (1864-65). Some of the "" 
so-called species described by Hall and S. A. Milter seem to agree with 
Aristocyitu in the entire absence of arms and food-grooves, in the similar 
position and structure of mouth ("anibulacral orifice," S. A. M.), and anus 
("mouth," S. A. M.), while a hyilropore ("anus," S. A. M.) is often ob- 
servable, and occasionally a fourth opening (1 gonopore) ; the positions 
of the two latter are at varying distances between mouth and anus. 
Miller has described other species with similar structure, but with four 
or five of the plates surrounding the mouth raised into elliptical facets, 
apparently for the support of spines like those of PitKiKijatU (p. 51); 
no groove connects these fiicets with the mouth, although in some species 
the mouth assumes a tetragonal or pentagonal outline, with angles 
directed towards these facets. The third and higher atage of organisa- 
tion, possibly developed from this one, is seen in Holocystites gyrinus, 
Miller and Ourley (1894), and must be referred to the Sphaeronidae 
(see p. 72). 

Fauilit 2. Denbrocvstidae:. Amphoridea with a single oral skeletal 
process, theca composed of numerous irregular plates, extending below 
gradually into a stem. The single genus, Dcndrocijilis, Barrande (1887), 
Ordovician, Bohemia and Russia (Fig. IX.), has a theca in ahape and 
intimate atructure not far removed from that of Aristocystidae ; of equal 
thinness all over, its plates irregularly (lolygonal, and tbeir strands of 
so well-defined. The following differences are of great 
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importAnce : — The theca aaddenly thins below to about one-third its 
width, forming & tubular exteiuion (£(), the waJb of which contain 
numerouH small pintea, which gradually become 
lai^r and more definite in arraugement, sad 
merge into a tube with a narrow lumen en- 
closed by comparatively large solid plates. Com- 
parison with more highly developed genera 
showB that this extension is a st«m {columna), 
and its presence indicates a more fixed habit 
than was, perhaps, assumed by Aiistocystidae. 
Further influence of fixation is clear in the de- 
velopment at the opposite pole of the theca 
of a movable, jointed tube {Br), composed of 
four or five rows of small plates, wider than 
high, and often alternating ; this tube tapers t« 
a rounded end, in which no opening is per- 
ceptible ; neither are there openings between 
ils plates ; the plates may, however, have 
opened along one of the vertical lines, thus 
converting the tube into a groove, exactly U 
figured in Fig. 5 of Barrande's Plat* XXVI. (see 
Fig. IX.). This organ was r^arded by Borrande 
and Trailtschold as a tubu» ventralU for genital 
(not faecal) products ; by Neumayr (1889) as 
an arm, with a double row of ambulacral porea ; 
by Haeckel (1S96) as an oral proboscis, or 
possibly the stem. It is here regarded as an 
extension from the mouth, bearing a ciliated 
food-groove that could be closed by plat«s, and 
perlini>B also an extension from the water-ring. 
Other thecal opening's are doubtful ; an anal 
])yramid may have existed in the lower third 
of the thecB (Ai), but Enrrande's figures and 
descriptions are inconsistent ; hydropore and 
gonopore quite unknown. Folds or ridges 
radiate from the centre to the edges of each 
thecal plate ; besides strengtliening the plates, 
these folds, like similar ones in later stalked 
forms, may indicate the concentration of a 
„ , "'' ' , , nervous layer in the integument into definite 

Htoivd on tbs vvidencg of tracts (axial nerves) putting the stem, thecal 
B-^nde. /ir tiearm-likettp. plates, and plates of food -grooves into con- 
pendagp, co[iii-d from Bumnde. i ^ r ti *^" 

uection. Giijara, Barrande (1887), resembles 
the stem of J)endTOq/ttit, and suggests its occurrence in the Cambrian. 
SyringocriHUs pariidoxut, K Billings (1859), is the same ihiug from Quebec. 
Family 3. Kocistidae. Established to include certain obscure forms 
from the Lower and Middle Cambrian of Great Britain and North America. 
Eoeyttii, Billings (1 868), and Protoajdis, Hicks (1872, see also Salter, 1 873), 
have never been properly described or figured ; but since they cannot 
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well be diBtinguiahed from Eocystila (!) longidadyliu, Walcott (1686), that 
species must be taken as the example of the family (Fig. X.)- Thecal 
plates numerous, irregular, " varying in form, size, and surface characters 
on the eame body." The two important points are : the varying develop- 
ment of radiating stereom-folda on some of the plates ; the presence around 
the mouth of not less than ten biserial brachioles, with long covering- 
plates (" short pinuulae," Walcott). This type, therefore, is intermediate 
between Amphoridea and Rhombifera, and ita occurrence at bo low a 
horizon is fortunate for the phylogenist This family Eocystidae in no 
way corresponds to Haeckel's Eocystida, which, like his EocgttU, is a 
purely imaginary creation, of no systematic validity. 

Fajiilt 4. Anoualocystidae. Theca compressed in the plane of the 
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thecal apertores, one eide tending to be convei, the other concave. 
Plates of the two sides enclosed by a common frame of marginals. Platea 
of concave aide tend to be fewer and more regular than those of convex, 
hut never achieve bilateral symmetry as do the latter. Tapering stem of 
polymeric columnala at one end of theca ; at the opposite end are the 
apertures, with function still uncertain. In some genera, spines ("arms" 
of most writers) are known, one at each upper angle of the theca. Orna- 
ment of granules, which on the theca tend to run in transverse, wavy, 
sub-parallel lines, simulating tbe scale-markings of some Crustacea. No 
pore*. J. Walther (1886) and Haeckel (1896) have considered the bilateral 
symmetry primitive, and homologous with that of the Dipleurula ; 
but M. Neumayr (1889) maintained that the symmetry of the two was 
diflerent. The evidence suggests that the evolution was toioarda greater 
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bilateral symmetry, and therefore started from the usual aockJike form. 
Qeuera — Trochoajitu, Barrande (1859-87 ; ayn. Trigotwcyitig, Haeckel), 
Cambrian, Bohemia, France, Spain (Fig. XI.), is 
the most primitiTe ; its theca is bounded bj 
twelve atcut mal^inals (mm), cooBpiououi on one 
side more than on the other, and forming a 
circular, elliptical, or Bubtriangular frame ; the 
enclosed space on either aide is occupied by a 
mosa,ic of 80-160 somatic plates, hexagonal 
except where truncated by the marginala. At 
the oral end of the frame three openings, nearly 
in the broad median plane, pass from the thecal 
cavity through or between die marginals to the 
exterior; the middle opening (? hydropore and 
gonopore) ia widest, and is protected bj a 
hood-like projecting plate (M), (1 madreporite) ; 
of the other two openings, one (0) in the broad 
plane is the wider fl mouth), the other (U«) 
slightly out of that plane is smaller (? anus) ; 
they appear to be connected by a canal (! for 
reception of gut) running round the thecal 
rimJWfratii bvkaniciu n- ''^'^'y •'° *!'* inside of the maiginola At the 
■tond on the evidenca o' Bir- aboral end of the frame the marginals pass 
SS^otfSrrtgbfc.rthe'o^ int" » short, tapering stem (S() of subtri- 
iij rsmoved thowiugthe inwrigr. angular section, composed of rows (3 or 6 ?) 
ThB »m)i™ »tiow the supposed ,",_ .- ■ i ■. i ■ 

direction ot Uia gui. Theintien of alternating ossicles. Its lumen communi- 
m^oipUinsd in the adjoining mating with the thecal cavity. Trochocydu 
may be regarded as a differentiation from 
such a form as Arwtoqjdit by lateral compression, so that its broad 
median plane is morphologically the j „ 

s^ttal, and the flat sides are the 
primitive right ond left, the pro- 
jecting plate M l^ing on the left side. 
MitnKyttie, Barrande (168T), Cam- 
brian and Ordovician (Fig. XII.), 
has twelve marginals (mm), but on 
the (left!) side that corresponds with 
the convex side of later forms, the 
junction of the stem with the somatic 
plates lies between two of them ; 
while the median adoral plate of 
this side (Af) is vertically grooved on 
the int«rioT, but exteriorly resembles 
the somatic plates, which on this 
side, though larger and fewer (50-60) 
than in Trockocydii, still form a 
mosaic of hexagons ; two, adjoining « 
the stem, are larger than the others. ^'"* "■ '^'^' ' 
On the other side, which corresponds with the concave side of later forms. 
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the margiiiAlB have extended far over the afea formeriy occupied \>j somaUc 
pUtea, and these l&tter number from three to six, one of which is much the 

Urgeat and of irregular shape. Openingsother than the median not distinct 
Stem of about four alternating tows of plates, often provided with thorn-like 
processes, and each overlapping its distal neighbour ; total length about 
equal to that of the theca, the proximal third with a wide lumen. No 
o^er appendages observed. Attkcyitu (A. Euxleyi), Billings (1858), is 
imperfectly known ; Aturmalocyitit comuCiw, Hall (1869), may be con- 
generic, as usually supposed ; but A, disparilia. Hall, probably belongs to 
Flacoeyilii iyide infra). All the species described by Barrande (1887) as 
Aamnaioe^iUt are doubtfuL The specimens described by Meek (1673) 
and Wetherby (1879) are separabk generically under the tatter's name, 
Enoploara ; the apeciea are E. balajioirUs, Meek sp., and E. cnatacea, 
Eaeckel sp.' In all these one traces the gradual diiuinutiou in number of 
plates, especially of aomatic plates, and the evolution of the granular 
ornament into wavy ridgea. Some of these also show traces of adoral 
ipinea. BeUmnoq/elit is placed in this family by Miller and Gurley (1894), 
probably with justice, though its exact affinities are obscure. Platycyatii, 
S. A. Miller (1889), is based on a worn Anonialocystid of indeterminable 
affinities. Piacocyaii, de Eoninck (1869), from the English Wenlock beds 
of Silurian age (Fig. Xlll.), is tbe most specialised form of this family. It 
was redescribed by H. Woodward 
(1880); since then fresh know- 
ledge has been gained. On either 
side of the concave face (Pig. 
XIII. 1) are three marginals 
(mm) which pass over on to the 
convex side ; at the columnal end 
aie two marginals, at the oral 
end are three, and none of these 
five continue on to the convex 
Bide, although corresponding 
plates occur there. The median 
adoral mai^'inal of the convex 
lide (Fig. XIII. 2) is the plate 
M ; its free edge is occasionally 
denticulate (cf ridgings in Mitro- 
evdU). The somatic plates of ;1^''''*\?;X,''' „ 
the concave side are one large (i, reconatmctaif from 
central, and one small at ite tt^^t'ty]^^",, 
left upper comer : those of the 
convex side are eleven, viz. two ad-columnal, as in MiirocystiSf supporting 
one median which does not teuch the column as it does in E'usplotira ; 
a transverse row of five, the median of which is smull and often c[uite 
surrounded by ite two neighbours (it is not an anal structure, as supposed) ; 
a row of three adjoining the adoral marginals. Stem much as in MitTo- 
cyitu. The three marginals that meet at each adoral angle of the theca 
(Fig. XIXI. 3) form an articular surface {Br') for the support of a spine 
I Tliu nBUM most be restricted to Wetherby's Fig. 1. d, e,/, and \g. 
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(cf. p. 1 1). In eillier of these casea the aaterior arm may dimitUBh in size 
and finally disappear, leaTiog either two lateral, or two antero-lateral + two 
pOBtero-lateral = four hrancbea in aU. The length of the arms and their 
Hnbeequent branching, if unj, are unknovm. The portions preserved are 
formed of series of hrachials, bearing on their adoral (upper) surfaces a 
groove leading to the central mouth, and roofed by small covering-plates. 
The anus (^«), with its pyramid of four to ten platra, lies 1/3 or 1/4 of the 
way down the theca. Between anus and mouth, to tiie right, is the hydro- 
pore (M). The pistes of the theca were united by strands of mesostroma as 
in the next genus. AtacKw>e^Ai», Neumayr (1889), of Ordoviciaji age, 
has for type the Ediinotphaeritei infauttut of Barrande (1887). The 
pear-shaped theca is composed of 200-800 plates of irregular shape and 
arrangement, mostly small, but with a few larger plates interspersed. At 
the narrower end of the theca is a stem, about 40 mm. long, composed 
of five (?) alt«mating rows of hexagonal plates. At the opposite pole lies 
the mouth, on a. slight elevation of larger, irregular plates (not five orals 
as sometimes stated). From these are given off three arms, composed of 
two alternating rows of plates (liiserial), and with a ventral groove roofed 
by small covering-plates ; they may reach 100 mm. in length. About a 
third of the way down the theca is the lai^ anal opening, closed by a 
pyramid of five plates. The hydropore has not been observed. The 
structure of the thecal plates is clearly shown in the Bohemian foasilB ; 
between the thin non-porous epistereom and hypostereom lies' the meso- 
Stereoni, penetrated by canals left by the strands of mesostroma that ran 
at right angles across the sutures and united the plat«s. A trace of the 
original path of these strands, as seen in ArUtoeytiu, remains in the form 
„ of canals passing down to the hypostereom, 

one at the ad-central end of each tranaverse 
canal, and one on either side the suture. 
The centre at each plate ia solid, and often 
raised in an umbo ; by ideal lines drawn 
from the umbo to the angles of each plate, 
the canals are grou])ed in triangles, and 
the adjacent triangles of two neighbouring 
plate.' form a " pore-rhomb," Palaeocystis, 
I Billings (165B), Ordovician, Canada, has 
thecal plates of similar structure. Orocyttit, 
Barrande (1887), Ordovician, Bohemia 
(Fig. XVI.), has an oviform theca, with a 
small hexagonal stem (SI) of unknown 
length, and near the other pole three 
eccentric openings : generally, and 
probably with right, regarded as the 
oti mouth ; Ae the anus ; M the hydropore. 
iinrt ijijg thecal plates are marked with strong 
axial folds, parallel with which are smaller 
ridges, ail at right angles to the sutures. The folds are probably the 
superficial indications of axial nerves, and it is noteworthy that strongly 
marked folds radiate from the six angles of the stem, and that six 
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■iinUar folds lead to the oral aperture {poMibly conveying nerves to 
aix brachioles). The minor ridgea are the superficial indicfLtions of strands 
of meaostroma, uniting plate to plate across the sutures, and emerging on 
tiie inner surface in rows of apparent pores. Heiioerinui, Eichw. (1840 ; 
^n. HeliocyiHt, Haecfc.X Ordovician, Europe, has for type EchiTwtphatrites 
baltieiu, and therefore includes numerous species of similar structure, 
uraally referred to Garyocyetis. It differe from Echinotphafra in the moie 
pnmouncedlf pentagonal, though minute stem, and in the greater oma- 
mentation of tie cup by axial folds and ridges. Stichocyttis, Jaekel (1 899), 
has apparent pores in the ridgea. Caryocyitw was founded by von 
Bueh (1844 and 1846) to receive EchUtosphaera granatwm, Wahlenbe^ 
(Sphaeronittt Uttudifiaritu, Hisinger, non Audi.), and another species which 
Ton Buch and all subaequent authors have ^^' 

incorrectlj supposed to be S. legtvdinarivt, 
Hisinger. Eichwald (1859), aware that C. 
granatum belonged to his omi Heliocriniui, justly 
took as the type the second species mentioned by 
von Buch, adding to it C. pumila, an Echino- 
encrinid. The type of the genus is therefore 
the species universally and erroneously known as 
C. Uttudiiiarius, which name yields to C. An- 
gdini, Haeckel (Fig. XVII.). Amarpkixyitu, 
Jsekel in Koken (1896), is a simple synonym. 
Caryoq/dii differs from Sdiocrinui in the elon- 
gation of the oral and abora) poles, and the 
elonj^tion of the mouth in the sagittal plane. 
At each end of the mouth-slit, Angelin's figure 
(1878; our Fig. XVII.) shows two faceU for 
bfachiolea (Br') ; it also seems to show two 
openings (hydropore, M, and gonopore ), G) 
between mouth and anus. 

Familt 2. COMABOCVBTIDAE. Rhombifera in 
which thecal plates are numerous and inde- 
finitely arranged. Radial structure of stereom 
■trongly marked, hut no definite pore-rhombs or 
pectinirhombs. Food-grooves on free exotheeal 
brachioliferous processes. Columnals in a single 
leries. Qenera — ComaTocyitu, BUlings (18&4), 
Ordovician, Canada. Theca ovate, may be over 
^ cm. high, composed of about 150 mostly 
hexagonal plates, with strongly marked radial 
itria^on of the stereom, especially towards the 
margins, which are raised above the umbonee '^ 
of the plates. Mouth-slit transverse, with a 
pair of nniserial brachioliferous arms at either end. Theca flattened 
in mouth-plane. Anus below arms ou right side. Hydropore above level 
of anus, near the posterior margin of the mouth. Stem longer than 
theca; columnals low, circular, with moderately wide lumen. Ackradocystit, 
Volborth (1870), Ordovician, Russia, appears to have an anal pyramid of 
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seven plates, and a very highly developed Btem. Thecal plates have 
strong radiating ridges, marginal concentric ridges, and suture margins 
toothed on the inside in correspondence with the ridges. Since this struc- 
ture ia not unlike that in Comarocgfiii, the genus is provisionally placed here. 
Family 3. Macrocysibllidak. Rhombifera in whidi the theca 
consists of three or four circlets of plates, subjected to a more or less 
regular pentamerism. The stereom is strongly radiately ridged or folded, 
but no so-called "pores" or pectinirhombs are developed. Brachiolei) 
are borne by the upper circlet of plates, and within these there may have 
been tegminal plates over the mouth. There ia perhaps no intimate 
connection between the two genera referred to this family. But they 
are both Cambrian, and show an early development of that tendency to 
reduce the number of plates, which eventually evolved the Glypto- 
cystidae from a different branch of the RhombiferL The Macrocystellidoe 
were probably derived from Bocystidae without passing through an 
Echinosphaerid stage. Genera — MacTocyri,tUa, Calla- 
way (1877), Upper Cambrian, Shropshire. Theca 
seen from the side (Fig. XVIII. 1) shows four circlets 
of plates, apparently five in each circlet. Those of 
the aboral circlet are low and pentagonal ; those of 
the second and third circlets hexagonal and rela- 
tively large ; those of the fourth circlet about half 
the size of those in the third, sub-pentagonal, and 
each bears a brachiole. These almost immediately 
bifurcate, making ten branches in all, about as long 
as the theca is high, and apparently biseria!; covering- 
plalJis ore distinct. There were probably tegminal 
plates above the origins of the hrachioles. Thecal 
plates strongly marked with rndiatiog folds, which 
divide the surface into triangles ; between them are 
smaller folds. No fine rhomb structure is seen. 
AnuB unknown. Stem rapidly tapering, about half 
as long again as total length of crown ; proximal 
columnals low and imbricating, with very wide 
Inmen ; distal columnals long and narrow. Mimo- 
ajst-u, Barr. (1887), OrdovJcian, Bohemia, does not, so 
far as can be gathered from the published description, 
differ from MacnxyiUUa in any essential LidumoidM, 
Pic. xviii. ^^^ (1846, 1887; Pompeckj, 1896; syn. lAcheno- 

1. fioiii lUje (lecoD- ci/*ti<i Haeckel), Cambrian, Bohemia and Bavaria. 
MBt^EVis/Md ETsali" "^^^ composed of rounded plates of very different 
X t: s-'f, portion'o? a sizes, but semi-regular in arrangement At the base 

atde rtonal an<l'''vcBliiii "-^ ^^^ ^ twelve minute plates, indicating absence of 

■uTfteeB; fi, eingiB Tiiito stem and probably of fixation, at all evente in adult 
iltiis.,^5lS^nat.''sLM. Above those is a circlet of five irregularly pentagonal 
large plates. Resting on, and to a certain extent 
alternating with these, are six or seven plates of simLlar size. A circlet 
of smaller plates, alternating with the last mentioned, forms the summit, 
and bears about eight biserial nnbranched brachioles. No anus observed. 
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All plaKs except the minule ones ot the base were united by strong 
stroina-stnmtls across their sutures, and these form pore-rhombs. 

Fauili 4. TiARACRiHiDAE. Rhomblfera in which the plates forming 
the sides of the theca are arranged in not more than two circlets, and the 
pUtea of each circlet are transversely united by strongly marked pore- 
ihombe. The genera, though clearly separated as offshoots from the 
Rhombifera, do not form a very coherent group, and need careful deecription 
by a well-informed worker. Txaracrinui, Schiiltie(1867, Syn. Staurmoma, 
Barrande, 1887), Devonian, Eifel, and Bohemia. Theca cup-shaped or a 
trancate spheroid, the sides composed of four large, interradially situated 
plates, one of which is (} only in some cases) horizontally bisected. These 
plates ore udited by strongly marked stereom - folds, raised above the 
surface, and fonaing demi-rhombs. The composition of the oral surface is 
unknown, but there seems to have been a central mouth, with food-grooves 
radiating from it towards the margin, where brachioles probably arose. 
An anus seems to have pierced the margin at the summit of one of the 
triangular side-plates. Stem-facet four-sided, with angles radial ; lumen 
small. Bhtrmbifera, Barrande (1667 and 1687), Ordovician, Bohemia. 
Theca elongate, triangular in section ; appears composed of two circlets — a 
lower, of three plates united by strong stereom-folds, visible exteriorly only 
as temiiaal pores outlining " pore-rhombs " ; an upper, of six (!) plates, of 
which three pairs ai« united by pore -rhombs, similar to those of the 
lower circlet, and vertically above, not alternating with them. Oral 
region unknown. Aboral region passes gradually, by smaller plates, into 
a cylindrical stem. The structure of the pore-rhombs and the trimerous 
symmetry suggest comparison with Caryocrinidae. Bhimhifen 
Ban-., is usually considered to be a 
Sttfhanocnnw. Aetkocyaii, S. A. Miller 
(189S), Silurian, Indiana, m&y be placed 
here provisionally. 

Fakilt 5. UALocYaiiDAE. Rhombi- 
fera in which thecal plates are numerous 
and indefinitely arranged. Radial folds 
cf stereom often pronounced, but minor 
ihomb-like striae not clearly seen. Food- 
grooves on eiotbecal processes passing 
over the theca and bearing brachioles. 
Columnals {when known) in a single 
series. This Ordovician family shows 
the independent evolution of a structure 
common in a later family, Glyptonjstidae, 
viz. the extension from the mouth over 
the tbeca of series of alternating plates, 
supporting a single series of brachioles. ^ 
The alternating series is not so com- • 
plicated as in Glyptocystidae, and the ' 
food-groove passes, not on the top of it, 

but along its sides. The main grooves appear in all cases to be reduced 
to two ; but these may branch and wind round the theca as in the later 
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fonn, SjAaeroeygtit (p. 63), or may remain Bimple, and stretch in the 
transversal plane. Genera — Matoqittit, Billings (185S), Chazj Lime- 
atone, Canada. Tbeca globtilar. In the type^pecies the grooves branch. 
A.mygdaloeyilU, Billings (1864), Trenton Limestone, Canada. Theca 
(Fig. XIX.) flattened in plane of food-grooves, and elongate. Grooves 
never branched. 

Family 6. QLTPTocreTiDAE. Rhombifera with stem, theca, and 
brachiolea The theca composed of Gve circlets of alternating plates, 
typically five in each circlet In first (aboral) circlet, right posterior 
{r- post) plate is always fused with right an tero- lateral (r. ant) plate. 
Anus, with valvular pyramid, between second and third circlets, in right 
posterior intertadiuH (r. post IR). Hydropore in adoral tfirclet, always 
opposite unpaired arm-groove, and thus defining posterior interradius 
(post IR). The trans-sotural foldings of the etereom (pore-rhombs) are 
reatricted in distribution but exaggerated in structure (" pectinirhombs "). 



One of them invariably unites the left posterior plalc of the first aboral 
row with the left anterior plate of the second row. Mouth central ; from 
it over the theca radiate food-grooves, primitively 5, by reduction 4 or S ; 
these are bordered by the plates of tiie adoral circlet, or by plates 
derived from their proliferation ; and these eide-platcs bear facets for 
brachioles of biserial structure. This family is perhaps descended from 
primitive Echinosphaeiidae, in which a natural tendency to the develop- 
ment of five food'grooves (one ant, single ; two lateral, paired) was 
accompanied by decreai* in number, and increase in size and thickness, 
of the thecal plates, together with their arrangement in five alternating 
circlets of five (as in Mimocystis). The diminution of the tjiecal cavity, 
we may suppose, pressed the coil of the gut against the body wall ; 
thus the respiratory function was hindered in the ]K)re-rhombs along this 
tract, so that tfaey disappeared, while it was thrown more on Ihe remain- 
ing pore-rhombs, which became highly developed (Fig. XX,). The process 
continued till only three pair of intensely folded areas were left, one at 
the beise on the side opposite the anus, the others above the anus to 
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the right and left of it ; from their likeness to combs, these areas are 
called pectinated rhombs, more shortly " pectinirhombs.'* 

We may reconstruct a form like that analysed in Fig. XXI. as a type 
(probably ancestral) from which every known genus of this family may 
easily be derived. In this archetype two plates (r. post and r. ant.) 
of the aboral circlet are fused together, so that the total number is 
twenty-four ; numbers are attached to these in the diagram, after a plan 
originated by Forbes. The following statements may safely be made 
concerning this archetype, those applying equally to the whole family 
being italicised : — S is the double plate ; a pectinirhomb joins 1 d; 5, 
while other pectinirhombs were probably distributed as in Fig. XX. ; the 
anits is in right posterior IB, between plates 7 and 8, and below 13 ; it is 
protected by a valvular pyramid, surrounded by a ring of smaller plates ; 
20-24 lie between food -grooves, and are therefore interradial ; the 
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Arrangement of plates in the supposed archetype of the Glyptocystidae. The attached 
numbers are those ^veu by Forbes. The letters at the top, read from left to right, denote : 
left anterior interradius A radios ; left posterior interradios & radius ; posterior int<^rradiuH ; 
right posterior interradius & radius ; rignt anterior interradius & radius ; anterior radius. Plate 
23 bears the hydropore and gonopore ; the notches in plates 15 to 19 represent the primitive 
position of five food-grooves ; between 7, 8, and 18 lies the anus. Pectinirhombs not shown. 

hydropore, defining the posterior interradius, is in 23, and above it is 
a semi-lunar pore of unknown function (genital or excretory) ; opposite 
these is the unbranched anterior food-groove, passing to plate 15 ; the 
branches of the right groove pass to 18 and 19, those of the left groove 
to 16 and 17 ; at the end of each of the five main grooves is a facet, 
bearing a brachiole composed of tivo alternating series of ossicles (^^hiseriaV*) ; 
the food-grooves of both brcuihioles and tegrnen are protected by small covering- 
pkUes ; the theca is borne on a stem, which at its proxinuxl end has low 
cdumnals with a wide lumen, and which tapers distally. Modifications of 
this type take place in the following directions : — Enlargement of the 
ring of small plates around the anus, into a region of scaly, flexible 
integument {Cheirocrinus, Glyptocystis, Pleuroajstis) ; the accentuation of 
the relations of the five main grooves to plates 15-19, coupled with 
the sinking of those plates between those of the third series (Cheirocrinus, 
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VyiloblaetM) ; the exUDsion of the eubvective syetem over the thecal 
plate», bj the proliferatioii from plates 20-S4 of alternating series 
of plates, in which every other plate bears a hrachiole (SckiMcytlii, 
Olyplocystii, lA^padccystin, Calloq/flU, Sphaerocyetis, Ltpadocrinus, Pieudo- 
erinui) ; the atrophy of the anterior grooTe (partially in Olyptocyais, more 
BO in PrunocijstU and Sekizoeydii, wholly in Lepadocrinwi, SjJtaerocydit, 
and StrobilocystU) ; atrophy of two side grooves in addition {Schuoq/gttM, 
Pteudofrimts, Pleurocyitit) ; restriction of pectinirhomhs to sutures 
between 1 & 5, 14 & 15, and 12 & 18 (Prunocytfii, jSrAizocifstu, P»eudo- 
erintu, Lepadocrinui, CailocyetU). None of these characters can be taken 
as a basis of classification ; each group so formed would include genera 
very diverse in other respects ; doubtless the same structures have in 
many cases beeu independently attained. Happily certain relationships 
seem clear, and round them the genera may be gathered into sub-familiea 
Sub-Family 1, Echinoencrinikae, passes from the simple form 
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fcerjrl, aflcr Jnektl. pecUnlrhomb. xidlun, 

Efhinoenennvi, in the direction of extension of two of the lateral grooves 
over the theca, through Prunocysli* to SchiiioeijtIU; pectinlrhombal & 5 and 
14 & 15 always, 12 & 18 frequently present, hut no others, except 1 & 6 
in Eckinoencnnus. Genera — Echiiioenerinas, H. v. Meyer (1826;synn. 
Qemocrinna, Eichwald, 1840, and Sycoqj$tu, von Buch, 1846 ; see also 
Volborth, 1842), Ordovician, Russia, dlflfers from the imagined archetype 
in reatrictioD of pectinirhomhs to 1 & 5, 1 & 6, and 14 & 15, and 
in apparent bisection of plate 23 (Fig. XXIII.). The main grooves 
may support five brachioles, or only two, or may branch yet more ; in 
any case the facets are always close around the mouth. Anal region often 
prominent (^Erinocystii, Jaekel, 1899). The plates usually have strong 
radiating folds, often crossed by finer concentric ridges (Fig. XXII,). 
Here Jaekel (1899) places his Qlapkyrocyttit and Scoliocystis, Ordovtcian, 
Russia. Prunocyifis, Forbes (1848), Silurian, England, includes P. 
Fktduri and EchtnotTicrinjis bacmtui', Forbes (Fig. XXIV.). Theca 
" shaped like the fruit of a dog-rose." Adoral row of plates increased 
in number. Pectinirhomhs on 1 & 5, 14 & 15, and 12 & 16 only. 
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Brachioles duatered round mouth, probably five, slender, and comparatively 
long. Sclmocyitu, Jaekel(1895), Silurian, England. Type, Eckinoenerintu 
annatiu, Forbes (Figs, XXV.-XXVIL). Arrangement of plates and rhombs 
as in Prwweyttii; rhomb 12 & 18 sometimes absent. Ant., r. ant., and 
L post, food-grooves almost or entirely atrophied ; 1. ant. groove extends 
nearly half-way down the theca on to plate 1 1, ia floored with. alteiTiating 
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plates, beaiE about five brachioles ; a similar extension of r. post. 
groove to plate 13 is checked by anus, and bears only three brachioles. 
Sub-Famili 2, Calloctstinae, starts from a form in which all five sab- 
vective grooves, with the usual flooring plates and brachioles, pass over 
the theca, as in Lepadicyitu ; and diverges (a) by suppression of grooves, 
without branching, into Lepadoeriniu and Paeudocrinia ; (b) by branching 
of grooves, with subsequent suppression, into Callocystu, Sphaerocystie, and 
Strolnlocydu ; pectinirhomba 1 & 5, 14 & 15, 12 & 18 probably always 
present. Genera - — Lepa- 
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<focyafu, P. H. Carpenter 
(1S91 ; syn. Mttkocystii, 
Jaekel, 1899), Ordovician, 
Indiana [Fig. XXVIII.). 
Theca ovoid ; plates around 
onus slightly altered from 
the archetypal position. 
Pectinirhomba on 1 & S, 
12 & 18, 14 & IS, 
10 & 15. Main grooves 
five, stretching a short dis- 
tance over theca, one to 
each plate of fourth circlet. ( 
LepadocTtnui, Mathei 
(1843 T; Conrad, 1840; Hall, 185»: synn. A}n<jajslis. Forbes, 1848; 
StauroeyHU, Haeckel, 1S97 ; 1 HaliieyitU, Jaekel, 1899; inclodes 
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Puudocrinus quadrifoKitUui and P. oilon/ja*), SiluriaD, North America, 
England, Scandinavia (Fig. XXX.). Flatea much as in LepadocydU. 
Pectinirbombs onl& 5, 12 & 18, 14& 16 only. Main grooves four, 
the anterior being aborted, esteod over theca to a degree that differs 
in different species, and is always less in younger stages. Fteiudoerinun, 
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Pearoe (1S42, redewr. Forbes, 1848}, Silurian, EngUud (Fig. XXIX.). 
Resembles a Lepadocrinus in which all main grooves are aborted except 
apparently r. post, and 1, ant. The grooves an; the same as those of 
Sckinocyitu, but thcii I'elatiou to the thecal plates and anua is as in 
Ltpadocriiiut. The thei;a is compressed to as to have two almost flat 
oval sides, fringed by the 
brachiolea of these grooves ; 
one side contaiua the anus 
and pectinirhoiub 14 & 15, 
the other contains pectini- 
rbombs 1 & 5, and 12 & 18. 
V-iUoq/M*, HaU (1852, syn. 
vlrifAiic^i'f(«,Haeckel), Silurian, 
North America (Fig. XXXI.). 
Platea 10, 12, and 14 are 
sunk down between 6 and 7, 
6 and 9 respectively, bo as to 
rest on 2 and 3 ; thus there 
appear to be tight plates in 
vertical elongation of 7 and 8, 
i and 19. The remaining plate of the thitd 
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ciidet is reduced in Biz« and Bometimes quite Atrophied. Fectinirhombs 
on 1 & a, 12 ft IS, 14 & Ifi, as usual. Main groovea five, paea nearlj to 
base of theca ; one or more of the grooves may bifurcate once towards 
the distal end. Sphaerocyitu, Hall (1859), Silurian, Maryland. Theca 
Bpheroidal. Main grooves four, each with three to six branches. Plates 
undetermined ; pectinirhombs, anua, and hydropore situated as in Lepado- 
crinwi. SiroWoejs^M, White (1876), Devonian, Iowa, resembles Sjj/uwro- 
cyitit, but the branches have become "small secondary arm-grooves 
ext«nding obliquely downward from each side ai the principal grooves." 
Sub-Fahilt 3. QLYPTOCiaTifiAK. Besidea the negative characters of 
irregularity in the shape of the plates and in the dietribution of pectini- 
rhombs, the only feature common to the included genera ia the evidence 
they offer of descent from a simple form like CheiTOcriaat. The number 
of pectinirhombs connects Cheirocrimu with t'yetoblattus and Glyplotystit ; 
the enlai^meut of the anal area connects it vilhOlyptoqislii&nAPlearocyiitu; 
the relation of the third circlet of plates to the fourth is another link with 
Ogdohlattoi. Genera — Ch^irocnnus, Eichwald (1856 and 1859 ; see also 
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Schmidt, 1874, under Olyptoqi»tu\ Ordovician, Russia, and North America. 
The chief departures from the archetypal arrangement of plates are 
correlated with an increase in size of the anal area, which is covered with 
numerous small plates, and surrounded by plates T, 8, IS, 13, and 14. 
This in C. penniger, the type-species, induces the vertical flasion of 18 
(or intercalation of 18a), and sinking of 12 on to 2 j the pushing of IG 
to the right over 10, and sinking of 10 between 9 and 5 on to 4 ; the 
pnahing of 17 to the left over 1 1 ; the consequent sinking of 16 between 
10 and 11 on to G. In 0. Volborihi the plates of the third row are not 
Bank, but raised between those of the fourth row ; this is a change in 
the direction of Cydoblaitiu. The distribution of the numerous pectini- 
rhombs varies witii the species, and, to some extent, with the individual ; 
those on 1 & 6, 1 & 6, with the demi-rhombs 1 & 4, 1 & 2, are constant 
The arrangement in one specimen of C. penniger is shown in Fig. XXXII. 
Berersions to the older and simpler type of rhomb structure occa- 
rionally occur {e.g. 13 & ISa in the figure). The five main grooves 
pass between plates 20-24 to plates 15, 16, 17, I811, and 19 ; they are 
rather wide and fringed with short brachioles. The threefold division of 
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plates SO-24 in C. penniger is the firat stage in the proliferation of those 
plates to floor the food-grooves ; more advanced aiages occur in other 
species, thus leading to Glyptoqfstis. SomoeystU, Barrande (1877), Otdo- 
viciaa and Silurian, Bohemia, resembles CheiTocriniui in the shape of the 
theca, the number of pectinirhoiiibs, and the position of the anus. The 
material does not permit more precise comparison. Glyptocyitis, Billings 
{I854and 1858),Ordovician,Canada. Theca ovoid (Fig. XXXIIL). Anal 
area less large than in Oieiro- 
mniM, enclosed by 8, 13, and 14, 
Plate 16 sunk on to 5, as in C. 
pmniger ; thus 11 is pushed to 
the right, and both 11 and 12 
are reduced in size. Pectin i- 
rhombs 1 & 6, 1 & 6, 10 & 14, 
10 & 15, 13 & 17, 15 & 16, le 
& 17, 17 & 18, 18 & 19; demi. 
rhomb 10 &. 16 ; imperfect 
vhombs, 7 & 8, 11 & 12, 15 & 
19. Main grooves five, passing 
over the theca, by waj of plates 
15-19 ; all nearly reach the base 
except anterior groove, which ia checked by pectinirhomb 10 & 15, 
The resemblance of the grooves to those of Callocystinae suggests that 
that sub-family was derived from GlyptoegstU itself; but this is nega- 
tived by the different modification of the thecal plates. Pleuroeyii», 
Billings (1804 and 1856), Ordovician, N. America and Britain (Fig. 
XXXIV.). Anal area so large as to occupy almost all one side of the theca 
with its numerous small plates, the anus being at loner right-hand 
comer of the area, which is bordered by plates 3, 2, 7, 12, 13, 14, 8. 
Correlated with this ia a flattening of the theca in 1. poet, and r. 
ant plane, the atrophy of all main grooves except the two in that 
plane, great diminution in size of plates 15-19, as well as 13. Pectioi- 
rhomba 1 & 5, 11 & 12, 10 & 14; the two latter are analogous 
to, not homogenetic with, pectinirhombs 12 & 18, 14 & 16, in 
CaUocyttinat. Each main groove ends in a single long and sturdy 
brachiole, of the usual biserial structure, with stout covering -platea- 
The stem ia longer than usual in the family. The curious homo- 
plastic resemblance to the Auomalucystidae (p. 52) led llaeckel to 
place PUuToeyftU in that family, though it differs in every essential 
structure. Ci/»(o6Ia<((w, Volborth (1867 and 1870), Ordovician, Ruasia 
(Fig. XXXV,). Imagine a Cheirocrinw in which plates 10, U, 12, 
and 14 are still further pushed up between those of the fourth circlet 
than they are in G. Valborthi, in which plate 13 has entirely dis- 
appeared so as to compensate for the asymmetry induced by the 
anus; in which the arm-grooves, of the usual structure, are stretched well 
into plates 15-19 and limited to those plates, as in C. eculptua: then you 
will have such a form as Oyatoblaitui. It need only be added that the 
anus is surrounded by plates 8, 14, and 19 ; and that pectinirhombs 
1 & 5, and 1 & 6 remain as before, while demi-rhombs unite the plates 
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which now form the third circlet, viz. io older, 14, IS, 10, 1 
12, 18, 19. The Buperficiol resemblance of 6'y«hiUatliM I 
Bkstoids has led most 
writers to imt^ine a true 
lelationship. This iDvolTea 
the entire dimpp«arance 
of plates 6-S ; the homolo- 
gidng of the plates here 
oiled 10, 11, 12, and 14, 
as well as the absent 13, 
with plates 20-24, and the 
consequent disappearance 
of plates 10-14 also ; the 
violent supposition that 
the horizontal trunsveise 
or tangential folds of the 
demUrhombs in Oi/s(o6£(utu4 
originated the radial or 
vertical folds of the hydro- 
spires in Codaiter ; as well 
as such minor points as 
the shifting of both onus 
and hydropore, and the 
fusion of two pair of basala, 
neither of them the same 
pair as composes plate 3 of 
Cyitobliutiu. 

The structureB of the 
snbvective grooves in the 
more highly specialised 
genera of this family have 
often been spoken of as 
"recumbent arms." They 
differ, however, from the 
arms of Crinoidea in origin 
as well OB recumbency. From 
the Bubvective Btmctures of 
Olyptosphaeridae and Pro- 
toblastoidea, they differ 
in that the brachioliferous 
plates are not thecal plates 
or even intercalated be- 
tween Buch plates, but lie 
outside them and often 
transgress their sutures 

Fahili 7. Cariocrin- ^ 

IDAE. Rhombifera in which 

the theca is composed primitively of four circlets of plates, comparable to 
the infrabasal (IB), basal (B), radial (R), and deltoid (A) circletB of a cricoid 
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with dicjcbc base (p. 99), uid dominated by trimeroua Bymmetry. IBB 4, 
tbe two on either aide the anal interradiua apparently being produced by 
fusion of two original pairs. BB 6 (ten in Hetmroeysti»). Alternating wiUi 
BB ore 6 BR, between which, on the anterior side of the cup, two or tbKe 
interradials (iR) may be develc^d. (In Hetenxyitu the iRR also alter- 
nate with the BB.) On the interior of all these plates the Stereom is 
thrown into strong folds, forming bundles of laminae at right angles to 
the sutures ; on the exterior the ends of the folds are marked by pores, 
each surrounded as a rule by a raised rim, and sometimes broken up into 
two or more smaller pores. Since the laminae correspond in position and 
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Fio. XXXV. 

CyttoNoMtua L*MehUi^)tryi^ nrter Volborth. 1, on] Burftc<^; 2, poflt«iior; S, Abcnl curtue; 
4, ualyiitB ; i.p, plates Doorlng Brni-KiiiovBi : O. tnoutli ; At, iinus, the pcalUoD of irbicb I* 
imUoted l^" in 1 ; M, hydiopore betKwn 18& 1»; Sl\ stuclitijetit of stem. 

essential structure to ordinary pore'rhombs, the pores necessarily run in 
lines from the uniboneslo the angles ofeach plat* (Fig, XXXVI, 3,4); these 
structures may have helped in respiration ; but are in no sense homo- 
logous with Blastoid hydrospires. The three primitive food-grooves (ant., 
r. and 1.) are of equal size and bifurcate iu like manner. The proximal 
portion tends to be hypothecal ; then a short portion lies on the theca 
like the "recumbent arms" of the Glyptocystidae ; the dinlol portion is 
freely exothecal, biserial, and brachioliferous. Stem well developed, 
circular iu section. Genera — Semicosmilai, von Bucb (1840, reileacribed 
1845 [ see also Job. Miiller, 1854 ; syn. Hexalacyelie, Haockel), Lower to 
Upper Ordovician, Russia, and {lerhaps Silurian, N. America. Com- 
paring the doreal cup (Fig. XXXVI. 3) with a crinoid cup, we may 
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imagine the anterior radius to be doubled, concurrently with the 
bifurcation of the anterior arm, and may therefore speak of the left and 
right anterior RR and IBB and the anterior B, while the other plates 
retain their usual names. The three iRR rest on the truncated upper 
margins of the anterior and right and left antero-lateral BB, and are half 
the width of the RR, but quite as high. The anus, with valvidar 
pyramid, is left of the posterior interradius, being in fact below L post. 
R, and between 1. post and post. BB. The tegmen is solidly covered 
with nine plates alternating with the nine plates of the radial circlet 
(Fig. XXX VL 1). These plates have no pores like those of the dorsal 
cup (but the posterior one is rugose at its adoral end, and appears to have 
been pierced by a hydropore). From the central mouth three food- 
grooves run over these plates towards the anterior and the right and left 
antero-lateral RR The mouth and grooves are protected by relatively 
large irregular covering-plates. At the end of each groove is an oval 
area over which passed the base of a biserial arm, which became free almost 
immediately. GaryocrinuSy Say (1825, see von Buch, 1846, and Hall, 1862 ; 
synn. StribalocystUy S. A, Miller; EnneacystiSy Haeckel), Upper Ordovician, 
Scandinavia, and Silurian, N. America. Dorsal cup (Fig. XXXVI. 4) differs 
from that of Hemicosmites only in absence of anterior iR, and of anus, the 
latter having moved up to the tegmen. The covering-plates of the food- 
grooves have become larger and incorporated in the tegmen (Fig. XXXVI. 2), 
so that the grooves are subtegminal (cf. Crinoidea Camerata) ; but 
end in facets on the margins of the RR and iRR. Since the grooves 
branch while beneath the tegmen, these facets are more than three, though 
still distributed into a left, right, and anterior group. In the growth of 
the individual. Hall has noticed successive stages with from three to 
fourteen fiacets ; six and nine are fairly common, but for adults thirteen 
is the usual number, the thirteenth being added on the right of the anus. 
Hall describes the arms as composed proximally of "semicircular, and 
scarcely interlocking " ossicles ; distally the brachials alternate so that 
the arm is biseriaL Each brachial bears a grooved pinnule, perhaps also 
biserial. In Corylocrinus and Juglandocrinus (both von Koenen, 1886), 
Upper Ordovician, South France, the composition of the dorsal cup (Fig. 
XXXVI. 6) is the same as in Garyocrinus. The tegmen of Corylocriwas 
is composed of four plates, of which the right, left, and anterior bear arm 
facets, apparently as in Hemicosmites ; the posterior tegminal plate is very 
thick and porous (a madreporite). In Juglandocrinus (Fig. XXXVI. 6), a.s 
in a young Caryocrinus, the food-grooves are subtegminal, and come to the 
surface on the upper margins of three large plates, which are right, left, 
and anterior in position, and alternate with three smaller plates. These 
six plates exactly correspond to the tegminal plates of Hemicosmites; a 
central plate over the mouth, and three plates covering the food-grooves, 
represent the covering-plates of that genus. This interpretation of von 
Koenen's obscure genera was partly suggested by P. H. Carpenter (1891). 
An anus was doubtless present, though not observed in the imperfect 
specimens. Heterocystis, Hall (1862), Silurian, New York (Fig. XXXVI. 7), 
appears to have been derived from Hemicosmites by the vertical bisection of 
4 BB (viz. r.post, r. ant.-lat, ant, 1. ant-lat), thus producing 10 BB ; 
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the corresponding broadening of L ant B ; the sinking of the 6 RR, 
and 3 iRR, so as to alternate with the 10 BB, except in posterior 
IR, which is entirely occupied by anal plates ; the repeated bifurcation 
of the arms, as in CaryocrinvLs, but probably to a greater extent, accom- 
panied by an increase in number of tegminal and accessory plates, the 
arrangement of which is imknown. Stereom-folds are visible. Thecal 
plates nodose (cf. Hemicosmites), hence the name of H, armcUus given to 
the only specimen known. 

Throughout this family there is no strict correlation between the arms 
and the cup-plates. There is in both structures a dominance of the 
number ihree or six, it is true ; but each arm has not its own radial plate 
supporting it, as in Crinoidea. Indeed, an arm may be borne by a plate 
that, on all other grounds, would be considered as interradial. Moreover, 
the trend of evolution in the family is parallel to the probable evolution 
of early Camerata, rather than towards that or any other Crinoid type. 

Order 3. Aporita, Zittel (1879, restr.) 

Cystidea in which pentamerous symmetry affects the food- 
grooves and thecal plates, probably also the nerves and ambulacral 
vessels, but not the gonads. The food-grooves are exothecal and 
circumoral. The stereom and stroma show no trace of folds, 
rhombs, diplopores, or anything other than the finely porous 
structure characteristic of all Echinoderm stereom. 

One may regard this order as a backwater in the stream of pro- 
gress, derived perhaps from the Rhombiferi, but leading nowhere 
in particular, and only retained because the forms referred to it 
cannot be placed elsewhere. The arrangement of the thecal plates, 
and a homoplastic resemblance to Hypocrinus (p. 178), have sug- 
gested to some a connection with the Crinoidea. 

There is only one family, the Cryptocrinidae, and in it the thecal 
plates are arranged in four circlets. CryptocrinuSy von Buch (1 840 and 1 846), 
Ordovician, Russia (Fig. XXXVII.). Theca small, irregularly spheroidal, 
composed of four circlets of plates. Aboral circlet of three unequal plates, 
produced by fusion of an original five, the unfused plate being in right 
anterior interradius. Above these is a circlet of five rather large hexagonal 
plates, following on and alternating with which are five smaller sub- 
pents^onal plates. These surround an irregular pentagon in which are 
the minute plates of the fourth circlet, and other small tegminal plates. 
Five main food-grooves lead from the mouth to facets borne by these 
adoral plates. The free brachioles rising from the facets must have been 
slender. The anus, with valvular pyramid, lies between two plates of 
the third circlet, either supported on a plate of the second circlet, or 
separated therefrom by a small supplementary plate. The hydropore 
appears to have been in the adoral plate opposite the anterior food-groove, 
and left of the anus, which therefore occupies much the same position as 
in Glyptocystidae. Another pore, perhaps excretory, lay in the adoral 
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plate on the left, that is, opposite the anus. There was a slender stem 
of circular columnals. Lysocystis, S. A. Miller (1889, proposed forEchino- 
cygtisy Hall non Wyville Thomson ; syn. Scolocystis^ Gregory, 1897), 
Silurian, N. America. Theca sub-pentagonal, composed of four circlets of 
plates. Aboral circlet of four (?) small plates, followed by two circlets of 
five plates each, regularly alternating, and an adoral circlet, number un- 
known. Apparently three free brachioles, possibly becoming five by the 
usual bifurcation. Anus at adjacent upper angles of two plates of third 
circlet. In the only known species the plates of second and third circlets 
were strongly nodose. Stem unknown. 



"'Dr 
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Cryptocrinus. 1, flrom oral sut&cc ; 2, enlarged view of oral region, the tegminal plates 
removed ; 8, aboral view ; 4, side view. (All diagrammatised from Jaekel.) As^ anus ; fir", 
fiicets for brachioles ; Af, hydropore ; p, another jwre ; St!^ facet for stem. 



Order 4. Diploporita, Zittel (1879, emend.) 

Cystidea in which radial symmetry aflfects the food-grooves, 
and by degrees the thecal plates connected therewith, but not the 
interradial thecal plates ; probably also the nerves and ambulacral 
vessels, but not the gonads. The food-grooves are epithecal, Le. 
are extended over the thecal plates themselves without intermedi- 
ate flooring ; they are also prolonged on to exothecal brachioles, 
which line the epithecal grooves. The stereom of the thecal plates 
may be thrown into folds, but the mesostroma does not so much 
tend to lie in strands traversing the sutures, nor are pectinirhombs 
or " pore-rhombs " developed ; diplopores are always present in 
the mesostereom, but often restricted to definite tracts or plates, 
especially in higher forms. 

While some descendants of the Aristocystidae were seeking in 
vain to perpetuate their race by assuming the flattened carapace 
of Anomalocystidae, and while others, becoming more reconciled 
to a sedentary life, were stretching out from their mouths longer 
and longer arms into the food-bearing sea, raising themselves too 
on loftier columns, there were yet others that hit upon another 
way of meeting the needs of a fixed existence. The chief need 
was to expose food-collecting surface in greater amount and over a 
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wider area. The way found was to stretch ciliated grooves from 
the mouth over the surface of the theca, and then to raise them on 
armlets or brachiola placed at fit intervals. At the same time, 
the hydrocoel, it may be inferred from its constant connection 
with such grooves, sent out branches corresponding with the food- 
grooves ; from these branches were given off the podia, serving 
for both respiration and the prehension of food. This wandering 
of the brachiola away from the mouth marks then the develop- 
ment of two structures previously unknown among Echinoderms : 
(1) canals radiating from the hydrocoel along the theca ; (2) an 
intrabrachial, circumoral, or ventral region of the theca, such as 
in Crinoids is called the tegmen. These two structures, in one 
form or another, characterise all Echinoderma other than Amphor- 
idea and a few Rhombiferi. But it seems that they were inde- 
pendently developed along many lines. What in the Crinoidea 
is a mere "tegmen" or pot-lid, comes in Glyptosphaeray in the 
Edrioasteroidea, and in the Echinoidea, to form the greater part of 
the test ; and with it the perradial ambulacral vessels extend ; 
whereas the theca of Aristocystidae, which in Crinoidea becomes the 
specialised and important calyx or dorsal cup, is in the other orders 
more and more reduced until in some cases no more of it can be re- 
cognised than the plates of the anal pyramid or their homologues. 
Another structure characterising this order, viz. diplopores (p. 41), 
may possibly have assisted respiration by bringing lacunar blood- 
vessels into closer contact with the sea-water ; this may have been 
connected with a less development of podia. The functions of 
diplopores have not as yet been satisfactorily explained by reference 
to recent Echinoderms. 

Family 1. Sphaeronidab. Primitive Diploporita, in which the food- 
grooves do not extend from the mouth beyond the adoral circlet of plates. 
Diplopores diffuse. The included genera show the early stages of tegminal 
and ambulacral development ; in none of them does more than a single 
cycle of plates intervene between the oral pole and the bases of the 
brachiola. The five plates forming the cycle are interradially placed, 
being separated by the grooves proceeding from the mouth to the brachiolea. 
The direction of these grooves is primitively the same as that of the food- 
grooves in Echinosphaera, viz. one anterior, opposed to the anus, two 
lateral, each of which soon branches, thus making five grooves in aU, 
with bilateral symmetry. Thus the shape and position of the five inter- 
vening plates are those characteristic of true orals (see p. 1 24). GJenera — 
SphaeronU^ Hisinger (1828 and 1837) ; the name was proposed to replace 
Eehtnosphaera of Wahlenberg (1818) for no assigned reason, but was 
restricted to forms agreeing with Echinus pomum, Gyllenhal, by Joh. 
Mtiller (1854). The species referred to this genus by Angelin (1878) are 
all Ordovician, and agree in the following characters (Fig. XXXVIII.) : — 
A spheroid or ovoid theca, sessile on a broad base, composed of irregu- 
lar plates, the mesostereom of which is pierced by regularly formed 
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diplopores ; tlie anus clow to the pemtome, and with a valvular pyramid ; 

small hfdropore, perhaps combined with gonopore, between mouth and 
anus, to the left ; five oials 
separated by food -groove* 
with primitive bilateral 
arrangement. The various 
species may be arranged 
in groups, according to 
the number of times the 
grooves branch, and the 
number of brachiola given 
off from them. Haeckel 
(1896) has sought to separ- 
ate as genera (Pomonittt, 
Pomoq/ilit, Pomoiphaera) 
those with one, two, three, 

and four brachiola to each ray; but until Angeliu'a notoriously 

io accurate figures shall have been corrected by observation instead 




a. XXXVIII. 



SpiiaefonU globulu4. 



ground. Moreover, 



of by hypoth* 
Lovin's figure of the type- 
species, S. jHwnum, repro- 
duced in our Fig. XXXIX., 
shows that the number of 
branches visible may be 
two, three, or four in a 
single individual. Eu- 
cyatit, Angelin (1878), Or- 
dovician, Sweden (Fig. 
XL.), sends its grooves 
farther down the theca 
than SphaeronU, over one 
or two circlets of thecal 
plates. From the distal 
end of each tay a bracbiole 
was given off, while others 
of uncertain number and 
position arose along the 
side of the grooves. Prob- 
ably some of the forms 
described by S. A. Miller 
as Holocysliifs should be ai 
placed here (e.g. Tremato- LeiH 

tyaia, Jaekel), although fe,m,u™thW^jbi«htole-ft«!eU, 
their orals are not known, '^y 
H. gyrimin, Slillerft Gurley po™'™M!''rtdBir» 

(1884), preaenU a stage in "ya"^,; S^,^™J^';!;^"S\i^whoir«!S.'"'"'''' "" 
the development of food- 
grooves that in some respects is more advanced, although the peristomial 
plates have no regular arrangement {Fig XLII.). AlloqfitU, Miller (1 889), 
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Silurian, Indiana, may go here. PtqUoc^aU, Barrande (1887), Lovfer 
Devonian, Bohemia (Fi^ XLL), differs from SyAaerwiM mainlj in the ir- 
regular branchingof the food-grooves, which stretch farther over the theca, 
tboDgh whether the tegmen ever contained more than one cycle of plates 
cannot be determined from the published figures. Apparently the hydro- 
pore formed a slit between the small gonopore and the mouth ; and the 
base, broader than in .IjAnwonij, is said to have been prolonged into a stem. 




Ita geological age forbids us to regard rroteocydig aa a link between Sphae- 

ronitidae and Glyptosphaeridae, but it certainly has points of likeness to 

the latter family. Carpocyiiis, Oehlert (1 887), Lower Devonian, W. France, 

ii a simple spheroid with large stem-attachment. Palmacyitu, Haeckel 

(1896), Archegocystis, & Codiaeyitis, Jaekel (1899), are forms with the 

epithecal branched food-grooves, deacribed by Barrande as kydrophora 

palm^ of Pirocyttu, Craterina, & Anslocytlis. 

FaiaLT 2. Gltptosphaeiiidae. Diploporita in which the fowl-giooves 

extend over the theca well beyond the adoral circlet, and irregularly 

transgress the sutures between the 

thecal plates. Diplopores diffuse. Br'_ 

These represent a further advance 

oQ the type of structure originated 

in Sphaeronitidae. Genera — 

GtypUaphaera, J. Muller (1864), 

Ordovician, Baltic countries (Fig. 

XLIII.), has for type the species 

first figured by the Duke of 

f<eucbtenberg (1643), and dis- 

tingniehed by Volborth (1846) as 

Sphaeronites LeuekterihergL The 

apherical theca, reaching a diameter 

of 7 cm., and larger than any other 

cystid, is composed of irregularly *'°- ^'•'"■ 

arranged polygonal plates, bearing '''''^^^,'"^rM^"^!t'Jm>M^s''^i-'''^ 

diploporea. The mouth is covered 

by five orals (0) with characteristic bilateral symmetry, and from between 

Uiem the anterior unpaired, and lateral paired, grooves radiate about 
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half-wa; over the tlieca, crossing the sutures of the plates, and giving olT 
short branches on either side, or sometimes on one aide only, at iir^ulor 
intervals. At the ends of the branches are facets (Br") for the support 
of brachioles. The grooves are shallow and have minute eorering-plates. 
The anus (A»), of which the valvular pframid is rarelj' preserved, lies about 
a third of the way down the theca ; between it and the mouth are two 
openings,a little to the left, viz. a small round gonopore (G) and a niadreporite 
(M). The latter, the representative of the hydropore, is always close to 
the flret hrachiole-facet of the left posterior groove, at the junction of three 
plates ; it coneists of folds (alits 1) running at right angles to the sutnres, 
and is bounded by a slight ridge fonning a triangle or trapezoid. According 
to Volborth, there was at the aboral pole a stem, ^ to ^ width of theca, 
with a. wide lumen, and low colunmals with five longitudinal antures, and 
with encrusting root-eipansion. Eichwald, however, could not find more 
than a short conical eitenaion of the theca, and this ogrees better with 
the appearances of specimens sent by Volborth to the British Unseum. 
Fui\g(xijAis, Barrande (1887), Ordovician, Bohemia (Fig. XLIV.), differs 
from Glyptoipkaera in the broad base, 
hollowed for attachment to some marine 
object, and forming an angle with the long 
. axis of the theca ; the paucity of diplo- 
porea ; and the regular alternation of the 
groove branches, making each groove a zig- 
zag. The test itself is not preserved ; the 
internal casts show no sign of the external 
grooves and brachioles ; but they show 
between anus and mouth a curved eleva- 
tion (madreporite f). 

Family 3. Protocrinidae. Diploporita 
in which the food-grooves extend over the 
theca almost to the aboral pole, and ore 
regularly bordered by alternating thecal 
plates (" adombulacrals "), on which an 
^ the brachiole-facets. Diplopores diCFaae or 
confined to adambulacrals, from which they 
are never absent These represent a further 
advance in precisely the same direction as previous families. Genera — 
I'rotocrinni, Eichwald (1840), Ordovician, Russia (F^. XLV,), was well 
described by Volborth (1846). Theca spheroidal or ovoid, attached by 
a stem in the young, but free in old age and losing all traces of attach- 
ment (cf. Lich^wideg). Thecal plates larger, stouter, and more swollen 
than in Giyptoephaera ; all bear diplopores, which may become somewhat 
at right angles to main food-groove, ou the adambulacrals. The main 
grooves are rather straighter than in Glyptotphaera, lying regularly between 
large alternating thecal plates (adambulacrals), each of which beara a 
bracbiole, except one or two of the proximal ones on the aide towards Uie 
direction of the clock-hands. Hydropore minute, above anus. ProUrabUutiu, 
■laekel (1895; syn. DaetylocystU, 1899), Ordovician, Russia (Fig. XLYlS 
Theca ovoid, sometimes prolonged gradually into a stem (cf. Dtndroq/tM^ 
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Thecal plfttM dearly differentifited into (o) smooth, irregular, and 
depressed intenunbnlacralB (S) tranBveraely elongate adambulacialg. 
Diplopores at nght angles to main food groove, and confined to inner 
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food-grooYpa p«ttly TOvared 



Protocrisiu OTtfonsli. »fier Volbortti. 1, i 

Xunbulunlt, X I ; 3, sboral HurfSee ot ; 

portions of adambulsicrals. Each atlambulacral bears a brachiole-facet ; 
there are about thirty-six in each ray. 

Family 4, Mesoctstidae. Diploporita in which the food-grooves 
eitcnd over the theca almost to the aboral pole, and are regularly 
bordered by alternating brachioliferous adambulacrals, raised above and 
outside the adjacent interombulacrals. Diplopores confined to inter- 
ambulacrala, Five interradial deltoids (A) sur- 
round the peristome. In this family we reach 
the final stage of the Diploporita, although a 
branch parallel with the Mesocystidae passes on 
in the direction of the Euhlastoidea, beyond the 
boundary of the Cyatidea. Genera — hUmc^Mi, 
Bather (Jan. 1898, =Me«ite>, Hoffmann, 1866; 
Nikitin, 1877 ; At)dacTinuf, Schmidt, 1874), 
Ordovician, Esthonia. Theca (Fig XLVII. 1) 
simulates that of a regular echinoid, or still more, i' 
EdrioatUr, since the moutlt is on the upper 
surface ; from it narrow food-grooves, protected 
by covering- plates, pass straight down to the 
margin of the flattened aboral surface (Fig. . '^^ 
XLVII. 2). Adambulacrals raised above the (Amb) bor 
general surface of the theca, by the pushing in (f^^^ ' AtterJiSieL'""*'' 
nnder them of the adjacent interambulacrals ; 

thus they outwardly resemble the sub -ambulacrala or side-plates of 
Callocyetinae (Fig. XLVII. 3). The interambulacrals do not, however, 
abeolntely meet underneath the adambulacrals, but leave an irregular 
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canal (which may have contained a nerve of the aboral nerve- system}. 
Interambulacrals numeroaa and irregular, all pierced by diplopoies. 
Mouth lies in a depression (ct Edrioasttr) ; sarronnded by five interradial, 
slightly forked A, apparently continuous with the adambulacrals, and 
homoIogouH with the five plates similarly situated in Sjiiaeronit. Posterior 




Stttoc]frtU Piitir^fii'iL I. genenl Totm, rrgU^ivd after HolfniAnD tnd N'tkltiik 3, orml nur- 
IK», aRer HoffDwnn, enbuiind : thn dslloidi an nul cloarly ■liown. S. atnicture of ttae uloni 
end of a food-gnxn*. modillod from Jaekel ; lli» coveriDg-j)Ute8 mmgiM ftom the low»r right. 
haod part ; much enlaivfld. 4, tntnairene action af a food-groove^ after Jaekel. Ar, Anuii » 
odAmli. adacabatacrala or nidv-platea (f.n) ; cp, coverlDg-plat^i or anibulKntla ; Br, dotted 
oatlJnnB of brachloles» borne by Br^, bncbloU-tixcPt ; fg, rwd-groove ; iAmb, tntemnbiilacnlri. 
pierced hy diploporei (p) ; M, luppoecd liydroporvB, iiiotHlily only due to a boring paiMlta ; 

A pierced by hydropore (and 1 gonopore). Anal pyramid in upper part of 
posterior interambulacnun. Aboral surface of thecu composed of numerous 
sniall plates, but the structure of its central region is still unknown. 

FAMiLIft. OOHFROCTBTIDAE. Diplopnrlta in which extension of food- 
collecting Burface is provided by the curving of the five main grooves 
around the theca and not by their prolongation on to brachioles. 
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Girmpkocyau, Hall (1864), SiluriaD, N. America and Gotland (Fig. 
XL VI II.). Theca flattened above, greatlj 
elongate below, composed of many irregular 
plates, pierced bj diplopores. From a central 
mouth five food - grooves radiate over tbe 
theca, curving ainiBtrally around the upper 
part, and occasionally descending a short dis- 
tance on the stem-like base. Covering-plates 
often strongly developed, and grooves lowered 
beneath thecal surface. Jaelcel (1895) states 
that small aide-grooves, but no brachioles, 
occur in a Qotland species. Anus close to 
mouth, in an interradius. Attachment ap- 
pears to have been by the baae, as in ArUt/t' 
cgttit. The curving of the food-grooves and the 
asserted absence of brachioles cause Gotnplu)- 
q/itig to resemble many Edrioasteroidea. But 
the atmctuie of the grooves seems to be that i 

which obtains in Diploporita, while the i^^HaM!""^.''"'"''''" "^ 
presence of marked diplopores continns the 

reference to that order. In any case the family is out of the main line 
of evolution. 







APPENDIX TO CYSTIDEA. 



o Cytitids :- 



a Crinoid (Sq/phee. 



The folloning natnes liave been supposed to r 
Aicoeyilii, Bsrr., probably a. Camerate Crinoid. 
Balanocyatii, Barr., indttemiiDable. 
Canaroerinui, Hall (syn. Lobolithiu, Barr. ), rw 

apud Jaekel). 
CardiocytlU, Barr., indeterminable. 
CHiuitytlii, Hall, probably a Camerate Crinoid. 
Cydocrinui, Eichwald {Fatteolvs, Billings}, now regarded ax calcareous Algae ; 

at any rate not Echinoderms. 
Cyttidea, a name used by Barrande for any indeterminable fragment, and not 

intended as a zoological genus. 
DiayocHaiis, Conrad, is a R«ceptaculite, 
Syponome, Loven, tlie ejected viscera and dine of an Antedon, 
Hypocrintit, Beyrich, an Inadunate Crinoid (see p, 178]. 
LiehtnocrinKi, Hall, the root of a Pclmato^oan (see p. 133). 
Jfcapitoeyslii, Barr., proliably Slephanoerinui (see p. 96). 
.Veoqitiit, Barr., probably tlie root of a Pelniatozoan. 
Poroerinvi, an Inadunato Crinoid (see p. 1"2). 
MoinU/era mira, Barr., is a SUphanocriims (sei; p. 96). 



A fairly complete Bibliograpby or tlie Cyetidea was given in^ 
Barrandi. J., 1S87. Systeme Silurien du centre de la Bobf^me, 1" Parti e : 
Recherchea Palsoutologiques. Vol. VII. CliHse des Echinodennes. Ordre 
des Cyatid^es, 4to, xvii. and 232 pp., xxxix. pis. Prague. 
The literature is so interwoven with that of Crinoidea and Blastoidea, that 
other references are reserved for the list at the end ofPelmatozoa (p. 211). 
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CHAPTER X. 

THE BLASTOIDEA.^ 

CLASS 11. BLASTOIDEA, Say (1825, sensu extenso). 

Grade A. Protoblastoidea. 



li 



B. Eublastoidea. 



Pblmatozoa in which five (by atrophy four) epithecal ciliated 
grooves, lying on a lancet-shaped plate (? always), radiate from a 
central peristome between five interradial deltoid plates (A), and 
are edged by alternating side-plates bearing brachioles, to which side- 
branches pass from the grooves. Grooves and peristome protected 
by small plates, which can open over the grooves. The generative 
organs and coelom probably did not send extensions along the rays 
into the brachioles ; but apparently nerves from the aboral centre, 
after passing through the thecal plates, met in a circumoral ring, 
from which branches passed into the plate under the main food- 
grooves, and thence supplied the brachioles. The thecal plates, 
however irregular in some species, always show defined basals (B) 
and a distinct plate ("radial," E) at the end of each ambulacrum ; 
they are in all cases so far affected by pentamerous symmetry 
that their sutures never cross the ambulacra.* 

The more primitive of these forms can hardly be distinguished 
from their immediate ancestors among the Cystids, such as Pro- 
ieroblastus and Mesocystis^ except by the more developed basals and 
radials; and it is this greater intimacy of correlation between 
ambulacral and thecal structures that necessitates their removal 
from the class Cystidea as here defined. Those general relations 
of the ambulacra to the theca, shared by Blastoidea with Diplo- 
porita, serve to distinguish them from the Callocystinae, with 
which some of the genera have been allied by naturalists. To 
these characters may be added the presence of diplopores, which 
are still to be found in the most primitive genus. From the 

1 By F. A. Bather, M.A. 

^ Tlie term *' ambulacrum " has beeu loosely used in the Blastoidea for the 
thecal elenieuts comiected with the food-groove. '* Pseudambulacrum " is more 
correct aud more cumbrous. The relations of the true ambulacral system are doubtfoL 
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Edrioasteroidea they are separated hy the presence of brachioles and 
absence of ambulacral pores. Their line of evolution, though in 
some respects parallel to those of the Callocystinae and Edrioas- 
teroidea, was independently derived through the Diploporita from 
the primitive Amphoridea. 

Within the class itself may be traced the increase of penta- 
merism, combined with a lessening in number of the thecal plates 
until a very definite arrangement is reached. At the same time, 
there is a concentration of semi-porous structures into the inter- 




ambulacral region, and the evolution therefrom of elaborate 
respiratory organs (hydrospires) - this is probably connected with 
the fact that all external connection with the water-ring (by means 
of a madreporite or hydropore) seems to have disappeared in the 
more specialised forms, and that, if the negative results of research 
may be trusted, there were no extensions of the water- vascular 
system into the brachioles. 

A somewhat arbitrary line may be drawn below forms that 
have acquired the normal definite number of plates and the 
hydrospi re -folds hanging far into the thecal cavity; and while 
such forms constitute a grade Eublastoidea or Blastoidea semv. 
ttrido, those below the line are Protoblastoidea. 

GnACii A. Protoblastoidea, Bather (1899). 

Blastoidea without interambulacral groups of hydrospi re- folds 
hanging into the thecal cavity. 
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Family 1. Abtkroblastidas. Protobkstoidea with an indefinite 
number of thecal pUtea, bearing dipIopoKs, and with a pore-plate adjacent 
to, bnt distinct from, tbe deltoid in each toterambulacrum. Genus — 
J«t«n)6^(uiiu, Eichwald (1862), emend. Schmidt (1874), OrdoTician.Rnasia 
(Fig. I.). Thcca pentagonAil, on a celativel; small round alem ; its heml- 
spherical dorsal portion is composed of 4 BB and B RB, between which are 
from twenty-five (A. Volhotih.x) to fifty {A. ((*Utt(iM, type-sp.) polygonal 
platea ; all plates have radiating ribs (" axial folds "), between which are 
diplopores. Round the mouth are 5 A, between which food-grooves 
pass to the ambulacra. Each ambulacrum conaiata of two rows of side- 
plates (adambulacrals), set ultemately on either aide of the food-groove, 
branches from which run to right and left between adjacent side-plates. 
Any underlying plate there may be is entirely covered by the side-plates. 
At tbe ends of the grooves are sockets, by which uniseri^ brachiolea were 
attached to the aide-plates. Grooves down the brachioles joined the food- 
gioovea of the ray, and all probably were covered with small alternating 
plates (ambulacrals). Adjoining each A and 
separating the adjacent ambulacra, is a laige 
(fiplopore- bearing plate ; in A. (ubcmUtUtu 
thia is much like other plates of the theca 
(on which ground Haeckel has separated the 
species as AAerocsAii, Fig. II.) ; but in A. 
iteUat-ai and A. VoVaorthi it ia enlarged, has 
a pronounced median crest, and is almost 
separated by the ambulacra from the ordinary 
thecal plates. [The anus appears to have 
' been at the diatal end of this "pore plate" 
in one of the inters mbulacra, which is wider 
than the others.] Family 2. Blastoido- 
loFig.i. iA™lchin[d") x:id"" cRisiDAE. Protoblastoidca with a definite 
number of thecal plates, without diplopores, 
and without distinct pore-plate. Genus — Blaitoidocrinut, E Billings 
(1859), Canadian, and Schmidt (1874), Russian, Ordovician, is only 
kuown from imperfect specimens, so that only the following details can 
be given (Fig. 111.) : — The sioall round stem is inserted into a consider- 
ably inva^inated bsse, as ia the case in several crinoids. BB, at least 3. 
RR, 6, not notehed for reception of ambulacra, but with truncate upper 
maipu ; they support 5 large interradially situate A. Each A consists of 
two parts : an orad, subtriaugular piece, like that called deltoid in Attero- 
blaitui, and a lower, triangular piece corresponding to the pore-plate ia 
Aderoblastut ; the connection between the two parts is still slight ; indeed, 
in Canada the orad portions are often fused with one another into a pen- 
tagonal frame. The lower portions show a marked striation, due to stmnut 
strands, at right angles to the radio-deltoid suture, and on the sutnnl 
edge the stereom is thrown into folds (incipient "hydrospires") which, 
however, have not been observed to pass into the BB. The food-grooves 
pass out between the A ; the lancet-plate supporting them is covered by 
alternating aide-plates, which receive branchea from the main groove, and 
are provided with a clear brachiole-fecet ; the remains of brachiolea an 
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preserved, as in A^erohlaAm and nmny Eublaetoids. Tbeae known facte 
afford no character, other than the less development of the hydrospirea, 
by which BlastoiJoerinm should be separated from the Eublastoidea, so 




BitatoidocfiTiiu earchttrtatdrnt ; 
njn ihow the lida-pUtoa (ip) with 
{(rr)mtucli8d; tba 6Ui rsy ahuwH 
.. .... „ ■ .. . .. --^ -■nvaBinMtaclbiu«li(B)»r«iBd 

long aa that order includes such a form as Codanter. But till the structure 
of the base and the position of the anua are known, the genus may be 
kept with its rather more primitive allies, Aeieroblaitui and Asteroq/itii. 



Grade B. Eublastoidea, Bather (1899). 
( = Blastoidea, Aitctl.). 

Blastoidea in which the thecal plates have assumed a definite 
number and position in three circlets, as follows : — 3 BB, 2 large 
(formed by fusion of two pairs of the primitive 5 BB) and 1 small, 
in r. ant. IE ; 6 EK, often fork-shaped, forming a closed circlet ; 
S A, interradial in position, supported on the shoulders or the pro- 
cesses of the KR, and often surrounding the peristome with their 
oral ends. The stereom of the RR and A on either side of the 
ambulacra is thrown into folds running across the radio-deltoid 
suture ; these folds hang dofrn into the thecal cavity, forming the 
hydrospires. 

Beginning in the Silurian with Cadaster and Trooslocrinus, we 
may trace the gradual modiUcation of a simple type, and the 
evolution, of the numerous complicated structures characteristic of 
BO specialised a form aa PeidremUes. Starting afresh with Elae- 
aerinui we shall study the elaboration of the structures that 
characterise OrbitTemUes ( =^ Granatoerinus), which represents the 
acme of the Eublastoidea in Britain. Thus the morphology and 
the classification will be unfolded along with the phylogeny. 
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Codasler, M'Coy (1849), Silurian to CarboaiferouB, Britain and N. 
America, is the least Bpecialised of all Eublastoida (Fig. V.). The 3 BB 
form a conical cup, on which foUowa the more cylindrical circlet of fi 
RR, the processea of which bend in 
above almost at right angles, to form 
part of the truncated summit or oral 
surface. Following on the upper mar- 
gins of the radialprocesseacometheSA, 
which surround the pentagonal mouth- 
opening (Fig, V. 1). These A probably 
represent the combined A and pore- 
plates of Aitavbla*lu4 ; like those pore- 
plates they have a pronounced median DtltmdE 
crest (" oral ridge," Etheridge & Car- ^ ... 
penter). Between adjacent A, and 
passing down into the sitiua of each Basals 
R, is a long plate, known from ita 
ahupeaa the "lancet-plale"(Fig. V. 2); 
the edges of this partly overlap the R 
and A ; ita upper surface bears a groove 
which passes between the adjacent A 
to the mouth. It b pierced by a cen- 
tral canal, comparable to the central 
hollow seen in Maocyitit, and probably 
filled by a nerve from the aboral 
ayatem (Fig. V. 6). Along the sides 
of the lancet-plate lie atiiall "side- 
plates," not, however, in single series, 
but in zigzag, so that each pair forms 
a rhombohedron bisected by the suture 
between them (Fig. VI.). On these 
sutures are brachiole - facets ; and 
branches from the ventral groove pass 
alternately to the side-plates, and on 
to the brachioles. The whole groove 
was covered by small movable plates, 
the impressions of which are seen along 
its sides. The peristome was aitiularly 
plated over. The apposed edges of 
the radial processes and the A are 
thrown into a set of strongly-marked 
folds at right angles to the radio- 
deltoid sutures (Fig. V. 6). These 
folds in the stereom may be an ex- 
aggeration of the Biiat folds so con- c 
apicuouB in Aiterohiaitia ; the stereom ^f^[ 
forms a thin -folded wall, the ends ii«P*i 
of the folds dipping far down into 
the thecal cavity. One infers from similar foldings in other s 
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that the object was an increate of Burface for reapiratory purpoees, the 
ODter oxygenated sea-water paaaiug down into the folde and the inner 
coelomtc fluid pasaiiig up into the alternate folda. Hence to such strnc- 
tores E. Billinf^ gave the name " hydrospirea." They are similar, in 
BMeutial Btructaie and in position acrow the Buture line^ to the pectini- 
rhombs of Callocyatiuae ; and eimilarlj are a development of the normal 



lt£o 




Codoslcr (r«M«luj. 



analyaii of the mbin thecal elfimentfl. 

K). <t, illchtlr reitored Hctian tea 
pttuiUnibuliicruni. irith food-gronve ; 
covenug-plHUB ; h, hyi]r«pLifi-folt)i ; 1 






7.C 



« of the test The marked pentamerous Bymmetry of the thecal 
plates (with the apparent exception of BB) and of the hydrospires ia 
disturbed only by l^e anua, which makei an opening between the pos- 
terior A and the adjacent radial processeB. From this IR hydrospire-folda 
are aaid to be absent (but one or two may be seen ia some Bpecimens, 
Fig. v. 2). The anal opening was closed by small plates. The essential 
structures of Codaxttr are all to be found in Protoblaatoidea ; the absence 
of interambulacrali, in BloAiMocriniu ; the ambulaeral atructures, in 
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h", gr™.tl7 enlarged. 



sru^ 



jlfferoifoaf M and Bhulaidoennut ; the position of the anus, in AaterMaitut; 
the hydrospires, though far less developed, in Blaeltridocrinvs. So much 
U this the case that C'odaiter has been referred to the Cyslidea by several 
writers of eminence Further arguments for such action are found in the 
fact that Coda$ter has no " spiracles " at the proximal ends of the ambu- 
lacra, and no hydroepire-porea along their sides, 
Btructures which are often considered character- 
iatic of the Eublastoidea. The gradual evolution 
of these atructurea may, however, he traced 
within the order. 

Pkaenoichirma, Etheridge & Carpenter (1882, 
-86), Devonian and Carboniferous, Europe and N. 
America, differs from Codaiter mainly in the fact 
that the hydruspire-folds become more concen- 
trated, and pushed in under, or overgrown hj, 
the side-ptales and part of the lancet-p1al«, ao 
that as a rule only their ends ore visible (Fig. 
VII. 2) ; they are also well developed in the 
anal IR. The side-plates may lie at the sides 
of the lancet-plate, as in Godailfr, or they may 
lie on it ; in cases where the proximal aide-plates 
project far over the hyd respires, they may 
entirely roof in the depression in which the 
hydroapires lie, only leaving a small communi- 
cation with the eiterior on either aide the 
ximal end of the ambulacrum (Fig. VIL 6). 
\ openings thus formed are the rudiments 
'spiracles." The side-plates that in Coda^^ 
formed the outer halves of the rhombohedral 
(BiHd on But: Miu." E8027.) pairs ore here diminished in size and pushed out- 
wards (Fig. VII. 1). They are now distinguished 
as " outer side-plates " (cf. einiilar structures in the recumbent arms of 
Callocystinae). Cnjptoachisma, Etheridge & Carpenter (1886), Lower 
Devonian, Spain, differa from Phaeaoschisma and Codaiter in little but the 
greater breadth of the ambulacra, which entirely conceal the eight hydro- 
spire-alita on either side. Sometimes the ambulacra do not reach to the 
tops of the deltoid crests (or oral ridges), and thus there is a spiracle OD 
either side of each creat, or ten in all ; but sometimes they reach right up 
the oral ridges, so that the spiracles of adjacent ambulacra become con- 
fluent, and there are five in all (Fig. VII. 6). This ts expressed by saying 
spiracles "double" or "single" respectively. Oropkocriniu, von Seebach 
(1864 ; synn. Dimorphicrinusy d'Orb. ; CodoniUt, Meek & Worth), Carboni- 
ferous, Britain, BeJgium, and N. America (Fig. IV.). The hydrospi re-slits 
ai« more concentrated at the bottom of the depression for the ambulacra 
("radial sinus") than in previous genera ; but since the ambulacra are 
narrower, some of the slits may be enposed, and tlie spiracles are merely 
clefts, often extending all alung the sides of the ambulacra (Fig. VII. 7). 
The concentration of the hydrospi re.9l its causes the inner walla of the 
two nearest the median line of the ambulacrum to meet along that line. 
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and so to form a new structure known as the "under Ian cet- plate " 
("sub-lancet"). In Ihia genus the oral eurface is raised into more or less 
of a dome, ao that the A are visible in side view. Poet. A encloses the anus. 
Pentremitidfa, d'Orbignj (1849, emend. Eth. & Carp., 1882,-66), Dev- 
onian, Spain, the Eifel, and N, America. In the form of the calyx, the 
complexity of the hydroBpires, and other points there ia great variability, 
P. PailUtiri, de Vem^ however, type of the genus, is not far removed from 
PhaetM»chi*ma and Cryptoichiima. Eight by droapire- folds lie on each side 
of an ambulacrum, entirely covered by the broad lancet-plate. The 
side-plates are on top of the lancet-plate, so that none of it is visible. 
The out«r side-plates are wedged in between the side-plates and do not 
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iHn tnna ibovs. Ip, lincet-pUte ; ip. title.platca, 
only a procpsa of th« radial In 9«cn {B-pr). S, part 

Oropfcoeriniu ,■ a Innn apiracla'allt ja enclDaed betw««n al 
jrAwna; on tha left the apinc1«a are distinctly aepa 

/.f» fDot-gnxivfi ; L, lATLCet-plalfl ; Q, pertalome ; o.a.p, 

project beyond their edges. A covered by radial processes, so that only 
the cresta are exposed. The spiracles are clefts on either side the 
ambulacra, between the deltoid crests and the proximal side-plates. The 
anus pierces posL A, which therefore has no crest, so that the adjacent 
spiracles are confluent with the anus ; the opening so formed is called " the 
anal spiracle." In some species (esp. P. aiigulata) the side-platea do not 
cover the lancet-plate any more than they do in some species of Phatno- 
tchitma. Within the limits of Ptjitremitidfa (aa defined by Etheridge & 
Carpenter) two changes of importance take place. The hydrospires no 
longer remain extended, with each fold opening into the space below the 
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overspreading ambulacrum, but the admedian folds become gradually 
lowered into the thecal cavity and open into a common canal (e.g. P. 
dfkwiioC) ; thus each system of folds forms a '* pendent ^ hydrospire-sac. 
The second change is the slight notching or bevelling of the ends of the 
side-plates and the projection of the outer side-plates so as to touch the 
wall of the radial sinus ; thus is formed along each side of the ambulacrum 
a series of openings by which water is admitted to the hydrospires, which 
it bathes and then passes out again by the spiracles (e.g. P. 2imtontea) ; 
these openings are called '* pores," but are not comparable to the haplo- 
pores or diplopores of the Cystidea, to the water-pores of Crinoidea, or to ' 
the ambulacral pores of Echinoidea. PentremiteSj Say (1820, originally 
Pentremite), Carboniferous, N. America (Fig. XV. 1), appears to be a 
descendant of the American species of Fentremitidea, The chief difference 
is that the side-plates do not cover the lancet-plate, but rest against its 
edge ; thus the ambulacrum becomes much broader and assumes a petaloid 
shape (Fig. VII. 3, 4). A sub-lancet is developed, as in Orophocrinus ; 
hydrospire-folds 3 to 9 according to the species, freely pendent (Fig. VII. 6), 
as in some Pentremitidea ; but in some species the floor of the radial sinus 
meets below the hydrospires at the distal end of the ambulacrum. A 
canal runs between the hydrospires and the side-plates, emerging through 
spiracles which may be single or double ; there is an anal spiracle, as in 
Pentremitidea, Though limited in geographical and geological distribution, 
Pentremites has more species and individuals than has any other Blastoid 
genus; for this reason, and because it was the first of its class to be 
introduced to science, it has usually been treated as the type of the Blaa- 
toidea. Zoologically considered, however, it merely represents the acme 
of one particular line which thereafter died out 

We return, therefore, to the Silurian, and take up the beginning of 
another line of development, apparently connected in origin with that 
which has just been traced and not very divergent therefrom. 

Troostocriniis, Shumard (1866, emend. Eth. & Carp., 1886), Silurian, 
N. America, might be expected from its geological position to be a primi- 
tive form ; and that it is such is shown by the structure of the ambulacra 
(Fig. VIII.). The chief differentiation from the Codaster type lies in the 
elevation of the radial processes ; the restriction of all A, except post A, 
to a very small truncate summit, so that the hydro8pire-folds are almost 
entirely formed out of the radial stereom ; the narrowing of the radial 
sinus, so that (as in some species of Phaenoschisma) the side-plates are 
pushed up on to the top of the lancet-plate, while the hydrospire-folds 
are pushed beneath it The outer side-plates are small, subtriangular, 
squeezed out to the edge of the side-plates, with which they alternate ; 
they touch the wall of the radial sinus so that 'Spores'' arc formed 
between them. The hydrospire-folds are midway between the Codasterid 
type and the pendent type ; their admedian walls, which support the 
lancet-plate, are thickened, and tend to fonn " hydrospire plates," covering 
the immediately adjacent folds. The canal that runs along above the 
hydrospires and below the lancet and outer side -plates comes to the 
surface at the oral end through a spiracle bounded by the A and lancet- 
plate, and since the deltoid crests are slight, the spiracles are almost 
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tingle. The aniu opens througli the posterior spimcle, t.«. through the 
oral end of post A ; the position ia leas primitive than in CodaiUr, but the 
greater size of poat A seems primitive. Metablaitut, Eth. & Carp. (1886), 
it lepieeented bj doubtful species in the Silufian of N. America, less 
doubtful from Devonian of Europe, and undoubted from Loner Carboni- 
ferous of N. America. It closely reBemblea Trooitoerimu in form ; but 
the A are all equal, small, and confined to the summit, while the two 




posterior spiraclea are diatinct from the anus. In atructure the ambuUcnt 
scarcely differ from those of Troottoerinw ; but the lancet-plate of 
M. lineatus ia said to have three longitudinal canals *.', the meaning 
of which is not obvioua (cf. SchizoMa^vs). The base ia elongate, and 
triangular in section, with flattened sidee. Tricoeloerimu, Meek & Worthen 
(1868), Carboniferous, N. America, and (]) Queensland (Fig. XV. S), owe« 
ita name to three excavations along the interbaaal sutures, corresponding to 
the three flattened sides of Mttahlastus. A feature of mora importance i« 
the enclosure of the distal portion of the hjdrospires within the thickneaa 
of the radial plate ; this is probably due to the upward growth of the 
floor of the sinus, as has taken place, independently and to a lees extent, 
in PentTemiUi. EUutherocrinui, Shumard & YandcU (1856), Devonian, 
N. America, is probably a descendant of Troosloeriniit, It has, however, 
lost its stem and adopted some mode of life that has affected its symmetry. 
The place of the stem is occupied by the small r. ant B. The two other 
BB are pushed a little to the aide and produced up the theca to meet the 
broadened and shortened L post. B. The remaining RB, with their ombu- 
lacm, are much like those of Treoitocrinvi and MetablaMvi ; this 1. post 
B, however, beats a short ambulacrum with only seven side-plates on 
either side, but theaegreatly widened transversely to the median groove, and 
curved distalwaida (Fig. IX.). There are small A, and (apud Shumard) 
apirocles at their oral ends on either side of each normal ambulacrum. 
The anna is .stated by Wachamuth (in Whiteaves, 1889) to lie on the 
right upper mai^in of the abnormal R, and therefore at the aboral end 
of the A. Sections across the ambulacra (Eth. & Carp., 1886) show a 
lancet-plate with lai^e longitudinal canal, and seven bydrospire-fotds, 
arranged oa in Troottocrinitt, on either side of each ambulacrum in its 
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upper part ; at the aboral end of the ambulacrum the floor of the radial 

■iuus comes below the lancet-plate (cf. Tricotlomna^. 

NMcUocriittit, Conrad (184S, 
eynn. Elaeacrimn, Roemer, ISSl; 
and OlimniUi, Troost, MS., 
1849), Devonian, North America, 
dilTera much from the genera 
hitherto described (Fig. X.). Al- 
though the theca is lofty (often 
olive - shaped) the 6B and KR 
reach a very short way up it ; 
the BB and lower part of RB 
are pressed inwards, and the 
radial einua receives only the 
distal extremity of the ambula- 
cnim. The greater part of each 
ambulacrum lies between certain 
iuterradial plates. The posterior 
interrodiua contaiua three such 
plates — a median plate, at the 
oral end of which lies the anua, 
and a plate on either aide These 
lateral ]iiece8 meet at their oral 
ends, enclosing the anus, and 
stretch down bttween the central 
piece and the ambulacra. The 

central inteiradial ia smooth, with a median vertical ridge , but the lateral 

pieces are transversely grooved, each groove corresponding to a pore 
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in the ambulacrum. As regards the slructure of the other inter- 
ambulacra thera ia a difference of opinion. Each contains a lanceo- 
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late central area, with a median ridge, separated from the ambulacra by 
transversely grooved areas meeting adorallj. Some specimens show 
appearances of sutures between these areas, especially at the aboral end. 
Hence Lyon (1867), from the study of many hundred specimens, and 
Billings (1870) concluded that these interambulacra also contained three 
plates, as a rule fused together. Roenier and Etheridge & Carpenter, 
however, believed that there was only one plate, and that the markings 
were merely ornament The am- 
bulacra are narrow ; their struc- 
ture is shown in Figs. X. 2 and 
XL They dip down to the mouth 
underneath a roof of strong plates. 
The hydrospires are pendent, their 
folds reduced to two ; they emerge 
through large spiracles, separated 
by the interambulacral plates. 
As for the homologies of the 
thecal plates, those who believe 
that there is only one in each 
interambulacrum regard that one 
as the A, which in the posterior 
interradius is split in two by an 
intercalated anal plate. This 
makes Nucleocrinus a 




Fio. XI. 



Section of anibulacmm of Nucleocrintis Ver. 
highly fuuili, X 10 diam. b.r, brachiole; L, lancet- 

RTiftrialiftpd fftrm intn xeh'xoh ir P^^ I o.«.i>, outer side -plate ;».», side -plate; 
speciaiisea lorm, inio >* men is ,^ supposed suture between lateral and central 

suddenly introduced an element interambuiacrais. 
found in no other Eublastoid. If, 

however, we accept the view that each interambulacrum has essentially 
the same composition, viz. three plates, we are able to institute compari- 
sons with Protoblastoidea. These suggest that the true homologues of the 
A in Nucleocrinus are the proximal portions only of the plates called deltoid 
by Etheridge & Carpenter. This latter explanation of the structure of 
Nucleocrinus permits us to regard it as primitive in all except the hydro- 
spires, and consists better with its geological age. Schizoblaslus, Eth. & Carp. 
(1882-86), Carboniferous, Britain and N. America, may be described 
as a Nucleocrinus in which there is only one plate in each of the inter- 
ambulacra ; this therefore may be called a deltoid, but may well represent 
the three plates some suppose to exist in Nucleocrinus, since it preserves 
their peculiar sculpturing. In some species it is of much less relative 
size. The hydrospires, as in Nucleocrinus, are of simple structure, with 
one to four folds. In two American species the posterior spiracles 
are separate from the anus, as in Nucleocrinus; in others they are con- 
fluent. The plates roofing the mouth, though not quite so stout as in 
Nucleocrinus, are usually well preserved. Cryptohlastus, Eth. & Carp. 
(1886), Carboniferous, N. America, is like a Schizoblastus with small 
A. The hydrospires differ from those of Nucleocrinus and SchizoblaMus 
only in the development of hydrospire- plates (cf. Troostocrinus) which 
extend right up the sides of the lancet- plate, separating it from the 
folds and from the walls of the radial sinus. But where the A are 
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reached, the lancet-platea abut directly on them, without leaving any 
pores ; the hydnupi re-canals pass up beneath the lancet-platee, and open 
through spiracles on either side of each A. OrhitTemUtt, T. &. T. Austin 
(1642, generally known as Granato- 
""' crinxti. Hall, 1862), Carboniferous, 

England, N. America, and (!) Queens- 
land (Fig. XV. 3, 4). The general 
shape and relations of the plates are 
as in SckvioiAattat and CryptohiiutuM. 
Hydrospires the same as in Crypto- 
blaetiu (Fig. XII.]. The hydroepire- 
canals here are surrounded by the 
i, and pass through them to five 
single spiracles (the posterior confluent 
vilh the anus) at the apices of the 
1, which aometimes project as short 
tubes. The plates rooling the mouth are minute and usually irregular. 
U^eroblatltu, Eth. & Carp. (1886), Carboniferous, England, and (1) N. 
America, differs from Orbilrtmilu in that the hydrospire- canals pass 
beneath the A, and then curve outwards on either aide of each A. The 
aSoral end of the A la produced upwards as a short stout process. Mem- 
hiaaxu, Eth. & Carp. (1886), Carboniferous, England, Belgium, (?) N. 
America and Queensland, differs from OrbitTcmiUt in that the hydroepire- 
canals are continued upwards over the flattened lateral portions of the 
A, and open at the sides of the A crest. In some speciea the creat is 
almost absent, and the spiracles therefore almost single. AutttrotrtmiUt, 
Eth. & Carp. (1883-86), Carboniferous, Somerset, is only known from 
one specimen, but is a far more distinct genus than those just described 
(Fig. XIII.). The general 
form is that of Orbilrtmitea. 
The hydroepires do not pa>s 
up into the A, but the canal 
opens immedialelv on the 
suture between A and H ; 
there are thus ten spiracles, 
aa in SchKoblantui ^^aifi. The 
anus pierces post. A, close to 
its adoral end. The number 
of hydrospi re -folds is un- 
known ; the inner walls form 
a structure meeting in the 

median line, and thus like a sub-lancet ; but also pa,«Bing up the sides of 
tlie lancet-plate, and thus like a hydrospire -plate. The lancet-plate is 
small and perforate ; it is covered by small side-plates and lai^ outer 
side-platep. 

Pentephytlum, Haughton (1858), Carboniferous, Limerick, is based 
on a single internal cast It is said to be unstalked, and this con- 
dition, if obtaining, is correlated with the asymmetry shown in the 
slight shortening of one ambulacnim and the slight curve of the 
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a4}u«iit ambulacra towards the opposite Bi<l& The linear ambulacra, the 

la^e A, and the strictlj pentagoDal base remove it from the other 

insular Blastoids, and suggest affinities with the group of geneni last 

discussed. Zygocriniu, Bronn (1848, syn. ^sfTomniM, T. & T. Austin, 

1843, non Coiirad, 1840, nee Afterocrinti), Miinster), CarboniferouH, Britain 

(Fig. XIV.). This highly asymmetrical form 

has been elaborately described by R. Etheridge, 

6L (1876), and by Etheridge & Carpenter 

(1886), but its affinities remaio uncertain. 

Its resemblance to Eleutherocrimu lies only in 

secondary characteni induced by a sessile life. 

The theca is depressed, Btemless, and produced 

into four lobes ; on the shortest of these lies 

an ambulacrum modified much as in Eleuthero- 

erinue, and towards it the two larger BE 

stretch up as in that genus. The four normal 

ambulacra lie in the depressions between the 

lobes. Three A are large and stretch out over — 

the lobes ; two nre small and flank the Eti^rtS^Tc^uS'r. *J% 
abnormal ambulacrum. Anus and spiracles ^'■?' oai vjbh, modiBed 
UDKnown. One hydrospire^fold lies on each obMrvsr; 0, reritionie ; Air, 
side of the radial sinus, and is enclosed by it JittereMuiuii'*"'''* *'"'" 
at the distal end (cf. Pentremita, Tricodocriiiu*). 

The surface is covered with strong tubercles which bear minute spines 
(cf. Syttricrimii = Arthracantha, p. 168). 

OlaasiflcatlOiL — We have now reviewed every known genus of 
Enblastoidea, in an order approximating, as near as our very imperfect 
knowledge of many types will allow, to that of their race-history. This 
seems to show three main branches : one leading from Cadaster, through 
PhatnoKhiana, to Perdremitidta and Pentremitti, with oS^shoots Cry^o- 
sdatma and Oro^crinui; the second from Trooiiocrinue, through Meta- 
blaitiu, to Triaselocriniu, with the ofTshoot Eleatherocrinus ; the third from 
Nucltocriniu, through Scfi?aiH(w(n», to Cryptoblaslus, OrbitTemites, Me*o- 
bla^ui, and Heteeobiadus, with on offshoot Actntrotrmnita, and probably 
Paile^yllwm. Zygocrinut also is perhaps connected with this third line 
of descent. 

The classification of Etheridge & Carpenter does not agree very 
well with the phy Ic^reny here outlined. The erection of an " Order 
Irregulares" is no more likely to be correct for Elostoidea than for 
Grinoidea. With the exception of the Codasteridae, their families of the 
" Be);ulares " are based almost entirely on the relations of the hydrospire 
canals to the deltoids, relations which may vary considerably even in an 
individnal, while they take no account of important diRerences in the 
relations of the hydrospires to the ambulacra. Moreover, in the con- 
struction of family names, these authors have contravened the laws of 
nomenclature. 

The following classification attempts to overcome the above objections 
while making as little change as possible : — 

Series A. Codokoblastida. Fauili 1. Codasteridae. Hydrospire- 
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folds distinctlj' portions of the thecal plates, coming to the surface of the 
radial sinus. No distioct hydroBpire-canel or porea ; spiraclu developed 
imperfectly or not at all. Genera — CoAutCT", Phttenotckuma, Cryptoichi*ma, 
OrophocrinMs. This family coincides with that of Etheridge & Carpenter, 
Family 2. PSKTRBurrinAB. Hydrospire-folda, usually numerous, concen- 
trated at the lowest part of the radial sinus, and partly or wholly pendent 
Hydrospire-canal opens through spiracles hoiuided diatally by aide-plates. 
Base convei. Ambulacra rather broad. Genera — Ptntrgmilidta, Pentn- 
mi(M. This equals the Pattrcmifidae of Etheridge & Carpenter, mintit 
Maobltutut. 




Series B. Troostoblastida. Family I. Tboobtocrinidae. Elongate 
forms with linear ambulacra descending sharply outwards from the much 
restricted peristome. Hydrospire- folds only slightly concentrated, but 
communicate with exterior through pores, and through spiracles bounded 
by A and lancet-plates. Genera — JVooslocrinus, Metahhutim, Tricodocnnut. 
This equals the Traoetoblastidae of Etheridge & Carpenter. Family S. 
EbBDTHEROCBiMDAE. Elongate, stemless, asymmetrical, with four narrow 
ambulacra, accompanied by unconcentrated bydroapirea. Fifth ambula- 
crum shortened and widened. A minute. Genus — EltulherocrinuM. 

Series C. Grahatoblastida. Family 1. JS'ucleocrinidae. luteram- 
bulacra show traces of a primitive triad of plates. Ambulacra linear, and 
stretching far down the theca, which is ovoid. Hydrospire-folds few and 
pendent Spiracles double. Month roofed by large plates firmly united 
into a tegmen. Genera — Nurlfocriniu, Schi^bUulve. This family equals 
Etheridge & Carpenter's Nucleoblastidae, minus Cryptobhiitus and Aeentm- 
tremiteg. Family 2. Orbitremitidae. Theca globular with concave or 
flattened boae. Ambulacra linear, stretcLing down to concavity of base. 
Hydiospire-folda few and pendent ; a hydrospi re-plate always present 
(unknown in Heferoblaitiu). Hydrospire-folda rarely penetrate A, but long 
canals pass onward, through, beside, or under them, except in Acentro- 
tremilen. Genera — OTbUremitts, Cryploblattiu, Ilnterobhetus, Maioblattiai, 
Acenlrotremilei. This corresponds to Etheridge & Carpenter'a Granato- 
blastidae, pla* Cryptoblaiiiu, MoMa^ut, and AcenirolremUti. FauiIiT 3. 
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Pentephyllidae. Theca subpentagonal, stemless ; RR asymmetrical. 
Ambulacra linear, stretching down to base. One shorter than the rest 
Genus — PetUephyllunu Family 4. Zygocrinidae. Theca depressed, stem- 
less, asymmetrical, quadrilobate. Four ambulacra between the lobes, 
accompanied by a single hydrospire on either side. Fifth ambulacrum 
shortened and widened. A large. Genus — Zygocrimis. 

A Bibliography of the Eublastoidea was given by R. Etheridge, jun., 
and P. H. Carpenter, " Catalogue of the Blastoidea in the . . . British 
Museum," London, 1886. A complete index of names with references 
to literature is furnished by F. A. Bather, " The Genera and Species of 
Blastoidea, with a List of the Specimens in the British Museum," London, 
1899. For other references see Nos. 16, 17, 26, 27, 30, 34, 38, 45, 50, 
60, 64, 69, 71, 73, 75, 76, 77, 78, 82, 84, 85, 94, 95, 96, in the list at 
the end of Pelraatozoa (p. 211). 



CHAPTER XL 

THE CRIN0IDEA.1 

CLASS III. CRINOIDEA, Miller (1821) 

( = Crinoidea brachiata, Audt, veterum ; Eucrinoidea, Zittel, 

1879). 

Sub-Class 1. Monocycuca. 
Order 1. Inadunata. 



)i 
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2. Adunata. 

3. Camerata. 



Sub-Order 1. Melocrinoidea. 
2. Batocrinoidea. 



>> 



i» 



3. Actinocrinoidea. 



Sub-Class 2. Dicyclica. 

Order 1. Inadunata. 

Sub-Order 1. Cyathocrinoidea. 
„ 2. Dendrocrinoidea. 
Order 2. Flexibilia. 

Grade 1. Impinnata. 
2. Pinnata. 



>» 
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3. Camerata. 



Pelmatozoa in which epithecal extensions of the food-grooves, 
ambulacrals, superficial oral nervous system, blood-vascular and 
water-vascular systems, coelom, and genital system are continued 
exothecally upon jointed outgrowths of the abactinal thecal plates 
(brachia), carrying with them extensions of the abactinal nerve- 
system. The number of these processes is primitively and norm- 
ally five, but may become less by atrophy. The brachia rise from 
a corresponding number of thecal plates, " radials (RR)." Below 
these is always a circlet, or traces of a circlet, of plates alternating 
with the radials, i.e. interradial, and called " basals (BB)." Through 

1 By F. A. Bather, M.A. 
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all modifications, which are numerous and vastly divergent, these 
elements persist. A circlet of radially situate infrabasals may 
also be present. Below basals or infrabasals there follows a stem, 
which, however, may be atrophied or totally lost. 

Although many Rhombifera simulate Crinoidea in the penta- 
merism of the theca or the possession of ezothecal extensions of 
the food-grooves, yet In none are those extensions supported by 
plates that are clearly outgrowths from the abactinal system of 
thecal plates ; in none is there the intimate correlation between 
brachia and radialia that obtains in the Crinoidea. This class 
therefore cannot be derived from the Rhombifera, as many 
structures might otherwise lead ua to suppose ; the presence of 
brachia also forms a clear distinction between it and Diploporita 
and Blastoidea. A further difGculty in tracing the origin of the 
Crinoidea is furnished by the occurrence of perfectly developed 




species in the Lower Cambrian, while representatives of all crinoid 
orders are plentiful in Ordovician rocks. Further research, how- 
ever, may throw back the origins of other Echinoderm classes ; in 
any case, negative evidence when Cambrian rocks are concerned 
counts for little. 

Certain features in some of the older Crinoidea seem to throw 
light on their ancestry. Such are the presence of hydrospires, 
comparable to those of Cadaster, in Carabocr tmts (p. 172) and 
Hi/bocriitus (p. 146); the presence in these and other genera. of 
well-developed deltoids (A), over the edges of which pass the ambu- 
lacra, while the posterior A frequently shows signs of a bydropore 
(Fig. XXXVI.) ; the absence of a brachium from certain radials in 
Baerocrinia (Fig. LVII. 4) ; the greater development of three radials 
in many Inadunata Monocyclica {see p. 144). We are thus led to 
a form not unlike that which is actually presented by Sybocyslis, 
Wetherby (1880), from the Ordovician of Kentucky (Fig. 1). 
This has 5 large subequal basals, 5 radials, and 6 deltoids. The 
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anus lies between the posterior A and the radial circlet, being 
separated from the latter by a special anal plate (a;). The right 
posterior radial is transversely bisected ; its upper smaller portion 
(R^) being pushed a little to the right by x. The striking 
peculiarity of this form is the continuation of the food-grooves 
over the thecal plates, as in Diploporita and Blastoidea. In the 
right and left antero-lateral rays these pass over the edges of the 
deltoids, over the radials, on to the underlying basals. In the 
anterior and the right and left posterior rays there are two ossicles, 
each as high as wide, supported on the summits of the radials ; 
the grooves pass between the deltoids, over these ossicles, down on 
to the outer surfaces of the radials. These ossicles form exothecal, 
jointed outgrowths of the abactinal thecal plates ; a deep notch on 
their inner surfaces, leading into the cup by a hole between the 
deltoids, suggests that they bore, besides the ambulacral structures, 
also extensions of the abactinal nerve-system. Therefore, although 
incipient, they constitute true brachia, such as are found in no 
Echinoderma except Crinoidea, and they show us the probable way 
in which brachia originated. Hydrospires have not been described; 
but, considering their occurrence in the closely allied Hyhocrinus 
(Fig. XXXVL), they are likely to be found along the radio-deltoid 
sutures, as in Cadaster, Brachioles fringing the grooves do not 
seem to have been present, nor has a lancet-plate been observed. 
These facts, as well as the five basals, prove that Hyhocystis is not 
an offshoot from Eublastoidea, as indeed its geological age forbids ; 
but it may well be derived from early forms of Protoblastoidea. If 
Hyhocystis be admitted as actually ancestral, then the development 
of brachia in only three rays sheds light on corresponding irregu- 
larities of development in many simple and ancient crinoids, connect- 
ing them in this respect with primitive Cystidea (see pp. 11, 53). 
Another form suggestive of the connection of the Crinoidea with 
the Blastoidea is Stephanocrinus, Conrad (1842), Silurian of N. 
America and England. C. F. Roemer (1851), Joh. Miiller (1853), 
and Pictet (1857), regarded it as a cystid ; Etheridge & Carpenter 
(1883) and S. A. Miller as a blastoid ; Dujardin & Hup^ (1862) 
and Hall (1851) as a crinoid ; Zittel (1879) as doubtfully a 
blastoid. Wachsmuth & Springer (1886) proved the presence of 
brachia, which make it unquestionably a crinoid, but said, "It 
agrees by its oral and anal pyramid with certain forms of the 
Cystids, while in its general habitus and in the position of the 
ambulacra it agrees with the Blastoids." Siephanocrinus (Fig. II.) 
has 3BB, 5RH, and 5A, arranged as in Eublastoidea, especially 
Codasteridae. The radial processes are often prolonged into spear- 
like spines (S), one in each interradius. Each ambulacral groove lies 
in a deep sinus between the deltoids and radial processes, and it is 
continued on to an arm, which rises from a single brachial at the end 
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of the sinuB, aod immediately bifurcates, the groove forking with it. 
The edges of the deltoids meet beneath the groove, but a space for the 
mouth (" peristome ") is left in the middle. This space, as well as 
the whole groove, is covered by ambulacrals ; these often fuee into 
a single plate on either side the groove, where it passes over the oral 
surface of the theca, and form five plates, likewise often fused, over 
the peristome (i'). The anus is between posterior A and the adjacent 
radial processes, and is closed by a valve of four to six small plates. 
Certain pits in a similar position in other interradii possibly are 
atrophied hydrospires (A). The ornament of the cup-platesis strongly 
remhiiscent of that in Eublastoidea ; but there are clearly marked 
axial folds passing up from the baaals to the arm-facets, perhaps due 
to the greater development of the abactinal nerve-system in the 
brachiate form. There were neither brachioles nor a lancet-plate. 
SifsphanacntMi undoubtedly belongs to the simplest and most 
primitive group of the Crinoidea, and it is hard to believe that its 




remarkable resemblances to Eublastoidea are merely homoplastic, 
especially since the position of the small basal is not one which 
usually occurs in other Crinoidea that have fused baaals. 

However the crinoid or brachiate stage in the history of the 
Pelmatozoa may have been reached, it will be useful to recapitu- 
late here the common pelmatozoic characters as well as those 
distinctive of the Crinoidea, as manifested in a normal crinoid of 
simple Btmctnre. The specialisation of those characters will be 
shown historically in the systematic part ; but since many 
structures have been produced or modified in the same way more 
than once, a general account of the processes may be given here. 
We can speak more decidedly on questions of development and 
internal anatomy in this class, since the difTerences between extinct 
and recent genera are not such as to hinder interpretation. 

A normal Crinoid was thus described in 1821 by J. S. Miller, 
the founder of the class ; " An animal with a round, oval, or 
angular column, composed of numerous articulating joints, 
supporting at its summit a series of plates or joints forming a 
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cup-like body containing th« viscera, from whose upper rim 
proceed five articulated arms, dividing into tentaculated fingers, 



pmnulea 




more or leas numerous, surrounding the aperture of the mouth, 
situated in the centre of a plated integument, which extends over 
the abdominal cavity, and is capable of being contracted into a 
conic or proboscol shape. Some species of these animals aacer- 
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tained to be permanently attached to extraneous bodies, whilst 
others appear to have been capable of locomotion." So little is 
amiss with this description, that we need do no more than trans- 
late it into modern terminology, as follows : — 

A normal Crinoid (Fig. III.) consists of a " crown " (cmcma) 
attached by its dorsal (i.e. aboral) extremity to a *' stem " (co^umna), 
which is fixed to the sea-floor or to some solid body by a " root " 
(radix). The crown consists of a theca (or calyx, in the sense 
of Wachsmuth & Springer) containing the viscera, and of 5 
" arms " (brachia), which may be more or less branched. That 
part of the theca below the origins of the free arms is called the 
" dorsal cup " (or shortly " cup ") ; that part above the origins of 
the free arms, i,e. the oral surface, is called the legmen (sometimes 
" disc," sometimes "vault," between which a distinction erroneously 
used to be imagined). The skeletal and many of the other 
systems have a radiate arrangement, of which 5 is the dominant 
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DiCYCLIC 

Base. 



Fio. IV. 
Imaj;inary analyses of the Htructore of the dorsal cup iii two simple types of Criuoid. 

number. Thus the whole animal ciin be divided into 5 cor- 
responding and almost symmetrical sections, *' pentameres," by 
5 imaginary "perradial planes," starting from the vertical 
dorso-ventral axis and passing through the origins of the arms. 
The skeletal elements are either perradial or interradial in 
position. 

The Dorsal Cup in its simplest form is composed of 2 or 3 
circlets of 5 plates, those in one circlet alternating with the 5 in 
the adjacent circlet (Fig. lY.). Of these the most important are those 
that support the brachia, and to them the term radialia (RE) is 
restricted. The interradial plates below these are called hasalia 
(BB), since in many crinoids they form the base and rest on the 
stem. In some crinoids a circlet of perradial infrdbasalia (IBB) 
occurs beneath the BB (which latter are then called parabasalia 
by some writers). The former type of base is called " monocyclic "; 
the latter " dicyclic." 

The Tegmen in its simplest form is likewise composed of 5 
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plates, ddioidea (A), heie regarded as syiiouymous with oraiia (0), 
altematiDg with the EE (Fig. V. I). But there are nearly always 
also present "ambulacralia" (Amb or c.p), coveriog the grooves 
that lead between or over the apposed edges of the A to the 




brachia (Fig. V. 2). The mouth is either beneuth the A or in a 
space between them ; in the latter case it is covered by ambulacrals, 
often 6 in number and interradial in position, and takeii to be 
orals by some writers {P in Fig. V. 3). The posterior A in many 
primitive forms seems to have been pierced by a 
hydropore, the walls of which may be folded so as 
to form a madreporite (cf. Stelleroidea and Echi- 
noidea). The anus (As) lies between post. A and 
the adjacent KR, and is closed by a valvular 
pyramid, often surrounded by, or raised on, small 
jilates. 

The Brachia in their simplest form consist of a 
series of ossicles called haclnaliii (Br), which con- 
tinue straight up from the ladials (Fig. VI.). The 
surface of the radial to which the proximal brachial 
is attached is called the "radial- or arm-facet." 
Each brachial is rounded on the outer or dorsal sur- 
face, and grooved on the inner or ventral surface. 
Fio. VI. The ventral or brachial groove contjitns the follow- 

bnuicbsduriu tliat '"S ^°^ parts, taken in order from ventral to 
or rtuiMrtBk.'. II, dorsal (Fig. VII.). On the surface, the food-groove 
?wit' ''."''rom^ ij-g), lined with ciliated epithelium (<■/), which directs 
buiicmi^" *" "" * Stream of water towards the mouth ; an epi- 
thelial nervous band (nI) stretching from the 
superficial or oral nerve-system; a blood-vessel (fc), "radial 
pseudhaemal canal"; a water-vessel (w), which gives ofl' tubes 
(p) to a series of podia or " tentacles " {/) that fringe the 
food-groove and subserve sensation and respiration; two "sub- 
teutacular canals " {sJ.c), extensions from the body-cavity ; a canal 
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containing the genital cord or rachie ((/.e) ; and a " coeliac canal " 
(c.c). On either side of the water-veBsel, beneath the tentacles, ia a 
aenso-motor nerve {rt2), giving off bianchea to the muecleB of the 




^^^^ 



water-canals and to eensory papillae (s) on the tentacles. Below 
all these, in a special groove on the very floor of the main brachial 
groove, lies another nerve, the "axial cord " (a.e), proceeding from 
the aboral or doreal motor nerve-system ; the groove in which this 
lies is often {as in Fig. VII,) separ- 
ated from the brachial groove 
during individual development 
by an outgrowth of stereom, and 

is then known as the " dorsal " or p^ viir. 

"axial canal" (Fig. VIII.). The siaitf- fn tu* wTwratton of .n a.tai ™«i, 
axial cord sends off branches (n3) 5;;^"C'l^S^J■o™eeS't Ifo'fd^i'Virttai!^ 
to all the muscles of the arms, 

and to supposed sensory endings in the ectoderm (erf), and is con. 
□ected with the subtentacular nerves. All these soft structures 
in the ventral groove are protected by covering-plates (e.p), also 
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called " ambulacrals " (Amb), which can open or close as occasion 

demands (Fig. IX.). 

We may now trace the various 
extensions of the Body Systems into 
the Thecal Cavity. 

The food-grooves and associated 
structures, except the axial cord, pass 
over the tegmen to the mouth, into 
which the food -grooves drive their 
streams of water. The mouth leads 
into a gut, which mates a dextrsl coil 
down to the bottom of the cup, and 
then rises along the side o! the cup to 
Anib«i«™i., 1, vBnu.1 ,n„ of *8 anuB ; this system, then, is not 

two tiKhiiii or ofMotrfnm •monn- affoctcd bv radiate symmetry (see 

jir, wIlJi c.p clo»«l iibovB and re- _. __t ni 

Sowd belo.% B disn,. a.ridEviBw Fig. VII. p. 9). 

^it^^'^,'^™!SX?2^;™'(o; The epithelial nerves' on the floor 
«£»';^i^rrp).™i«'t™^''w{;ici; °f **>« food.grooves also pass to the 
M« seen Bowhpji for «»ccuii (p. 18T), mouth, where they loin an epithelial 
ridge encircling the mouth ; from 
this "oral ring," nerves pass to the walla of the gut. The 
paired subtentacular nerves run down to a subepithelial, 
" circumoeeophageal nerve-ring," below the oral nerve-ring. From 
this ring proceeds, in each interradius, a pair of nerves which 
innervate the tegmen and the mesenteries of the body-cavity. This 
nerve-system is connected wi^ the aboral nerve-system in a manner 
explained below. 

The radial pseudhaemal canals join a " pseudhaemal ring " 
round the oesophagus beneath the oral nerve-ring ; these structures 
are hard to distinguish, and even in other classes, where they are 
better developed, their origin is not yet clear. There is, however, 
surrounding the oesophagus a " lacunar plexus " belonging to what 
is generally called the blood- vascular system. The circumoeso- 
phageal ring ie connected with two vascular trunks leading from 
the plexus that surrounds the intestine and that absorbs nutrient 
substances therefrom ; these substances appear to be worked up 
into corpuscles by a "spongy organ" in the oesophageal ring. The 
ring is also connected with a plexus that passes down the vertical 
axis of the theca, through the coil of the gut, to the base ; this 
surrounds the " axial organ " {viAe infra). 

The water-vessels (perradial ambulacral canals) meet in a 
circumoesophageal water -vascular ring (hydrocircus) ; these struc- 
tores have longitudinal muscle-bands, as well as muscle-fibres 
traversing the lumen ; no ampullae or valves are diflerentiated, 
as they are in forms where this system has a locomotor function. 
In BO simple a crinoid as is here in question, there is good reason to 
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believe that the water-ring opened into the body-cavity by a single 
ciliated canal in the posterior interradius ; and that the body -cavity 
communicated with the exterior by a single hydropore in post. A, 
sometimes merged in the anal opening (as probably in Blastoidea). 
This system was not as yet completely affected by radiate sym- 
metry ; but in some forms it became so by the development of a 
similar canal with corresponding hydro- 
pore in each of the other interradii (Fig. 
X., compare Figs. XXXIV., XLVI., and 
CXIV.). 

The two subtentacular canals of each 
arm enter a division of the coelom that 
passes down the vertical axis through 
the coil of the gut, and is known as the ^'^' ^* 

"axial sinus." The dorsal coeliac canal .^^J^'^Zuly^^^p^lfL 
passes into a division of the coelom that iHterradiu8(xi80)8iinpiifledfrom 

^^i»^» 1 1 ljUClWip[. C, COclOtniC 8pftC6 1 (Jfj 

surrounds both axial sinus and gut, and connective tissue fibres ; g, waU of 

11 J ,i_ ,i • • X J-* 1 'i. » gut; n, circmnoesopliageal nerve ; 

18 called the pen - intestinal cavity. Se, oesopliagus; p, pore; r.c, ring 

The remainder of the coelom, surround- canau^.c, stone canai ; r. stereom 
ing the latter, is called the "subtegu- 

mentary cavity." All these divisions of the body -cavity are 
lined by endothelium, and are separated from each other, as 
well as penetrated, by connective tissue, in which spicules are 
often richly developed. From the peri -intestinal cavity, at its 
aboral end, there are in this way cut off five chambers, which 
surround the axial sinus, and are themselves covered on all sides 
by epithelium, containing ganglion -cells and nerve -fibres; the 
whole structure is called " the chambered organ " (see Fig. XX. 
p. 24). 

The genital rachis of each arm is connected with a complex of 
twisted, fine canals, called the " axial organ " (see p. 23). This 
passes down the axial sinus, widening in the middle of its course, 
and then narrowing to a thin strand as it passes between the 
five chambers just mentioned. 

The axial nerve-cord of the arm does not, as all the organs yet 
dealt with, pass to the oral centre, but enters the theca over 
the radial. If there is a separate axial canal, it may be continued 
through the radial facet into the substance of the thecal plates. 
The cords ultimately pass into the epithelial covering of the 
chambered organ, but their passage is not a direct one (Figs. XI. 
and XII.). Each cord is really a double structure, connected 
at intervals by chiasmas, and so soon as it enters the radial it 
divides into two branches, one of which proceeds to the basal on 
the right, the other to that on the left. In addition the branches 
are connected with each other and with those of the other radii by 
a series of commissures that form rings all round the cup. One 
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such ring is at the level of the radials. If the crinoid have a 
monocyclic base, the cords that pass to the basals join one another 
in a ring immediately surrounding the chambered organ, the 




lobes of which in this case correspond with the basals, i.€. are 
interradial. If the base be dicyclic, the ring forms a commissure 
at the level of the uantres of the basals ; and from these points 




the cords again fork towards the adjacent iiifrabasals, where 
they join in another ring round the chambered organ, the lobes 
of which in this case correspond with the infrabasals, t.«. are 



THE CRINOWEA 



los 



radia). Nerves from these cords are given off to the stroma of 
the cup-plates. This system, as experimentally proved, chiefly 
by W. B. Carpenter (1876 and 1884), in opposition to the 
scientific opinion of his time, is a senso-motor nerve-system, 
governed from the nervoils capsule of the chambered organ. 
By means of the commissures the motion of all muscles is cor- 
related. Primitively the cords lie on the inner surface of the 
cup; they then become bordered by ridges of stereomi, and 
finally enclosed within the cup-walls. Branches from these nerves 
unite with the interradiat nerves that proceed from the circum- 
oesopbageal nerve-ring. 

To turn to the Stem. Wo have already traced its probable 
origin as an evagination of the many-plated checa of Amphoridea, 
and the gradual introduction of order into the irregular plates (p. 48). 
In the pentamerous Crinoidea, these naturally became subjected to 
pentamerism ; and evidence of many of the older crinoids shows that 
the plates were at first hexagonal and arranged in alternating circlets 




of 5, just aa plates of the theca (Fig. XIII.). The next stage was 
that in which the plates no longer alternated, but were arranged in 
horizontal rows divided by five longitudinal sutures. Finally, the 
pentameres of each row became fused to form a "columnal," still 
pierced by a wide lumen. This regularity was perhaps connected 
with the extension into the lumen of a vessel from each of the five 
lobes of the chambered organ, with its nerve-aheath (axial cord); 
the five cords surrounded a prolongation of the axial organ. In a 
monocyclic crinoid the axial cords would be interradial, as are the 
lobes of the chambered organ, while the pentameres would alternate 
with the basals and be radial. In a dicyclic crinoid the cords would 
be radial, the pentameres interradial. The exterior angles of the 
stem usually correspond with the pentameres, biit not always. 
The cirri, or side-arms of the stem, correspond, for reasons that 
will appear presently, with the axial cords. The lumeu of the 
stem is often split up into grooves by ingrowths of stereom ; and 
these grooves primarily contain the axial cords, and may even form 
closed canals containing the cords, but this correspondence is not 
inevitable. The so-called "law of Wachsmuth & Springer," 
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BummariBed in the annexed diagram (Fig. XIV.) and table, is in itself 
empirical, applicable only to pentagonal stems or lumena, and even 
then liable to exceptions (marked * in table) ; but by attending 




(as is here done) cfaiefly to the relations of the axial cords, we shall 
have a surer guide for discrimination between monocyclic and 
dicyclic crinoids in the many doubtful cases that occur. 
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The primitive cricoid is attached by the distal end of its stem ; 
and it is supposed by many, from the evidence of the embryo 
AfUedon (Fig. XV.), that there is developed at that point a special 
fixing plate, to which they apply the term " dorso-central," which 
must not be confused with "centro-dorsal " (see especially the 
writings of P. H. Carpenter). Palaeontology does not lead us to 
regard such a structure as primitive, or to ascribe to it any morpho- 
logical importance. As a rule, skeletal growth takes place at the 
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distal end of the stem after two main plans: (1) Deposition of 

solid, unjointed stereom, around the distal columnals, forming an 

encrusting plate or mass {Fig. CXIII. 2) ; this 

occurs on rocky bottoms. (2) Outgrowth of jointed 

branches from the plated end, forming "radical 

cirri," often with traces of polymeres like those of 

the primitive stem, often very long and branching 

again, and always with a lumen which contains I 

an extension of the axial cord (Fig. CXVT.); this 

is adapted to a muddy bottom. The radical cirri 

arise from the vertical suture-lines of the stem, by 

the intercalation and outgrowth of small plates, of'trni'IiBiHlim™ 

and the extrusion of the axial cord (Fig. XVI. 3). M", »((«■ wyviiie- 

In the course of race-history the cirri gradually ap- ooi.fiiKiciiiiirBtflnoin 

pear higher and higher up the stem (Fig. XVI. 1), ^tmr"i,'*ct(5™! 

and at the same time become shorter, more mobile, 

and eventually arranged in whorls (Fig. XVT. 5). At these levels 

the axial cords of the stem swell out, forming a repetition of 

the chambered organ (Fig. XVI 4) 

The columnals are rarely all of the same height , certain con- 
spicuously larger ones, including those that bear cirn, are termed 





Mui. EISMX % H 

pcnUinrrei (modll 

rryDiUl-rhonwini ST. IKVFI □! i^irrut-niiur], tni 

for greftt«T cleuiiHL fi. put of ateui ofidocrrT 
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"nodals"; those between them " inter nodal 9 " (Fig. XVII. 1). 
Nodals are the first columnals to be formed during growth ; 
intemodals are subsequently intercalated between tbem, and 
again fresh internodals between the first formed intemodals, and 
so on. Fresh nodals are developed at the proximal end of the 
stem, so that in that region are more nodals, while distally are 
more internodals (Fig. XVII. 2 and 3). In one type nodals are 
introduced immediately beneath the base of the cup, so that the 
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proximal columnal ie always the youngest. In another type the 
proximal columnal is one of the first formed, and remains attached 
to the cup, new nodals being introduced below it (Fig. XVII. 
4-7). This proximal columnal is called aiiidt basal by P. da 
Loriol, and "centro-doraal " by others, erroneously. It is here 
called the proximaU. 

The Connection between the Elements of the Crinold Skeleton 
is primarily by means of the HbrilB of the stroma in which they 
are deposited. This condition persists in the " primitive suture," 
and from it development proceeds in the direction of either 
greater rigidity or greater flexibility. Towards rigidity we have : 
(1) "Close suture," in which the fibres are short, and their ends 
surrounded by denser layers of stereom on the apposed surfaces of 







the ossicles, which are thus closely and immovably fitted together, 
though separable by alkalies. (2) " Syzygy," a special case of close 
suture between brachials or columnals (Fig. XVIII. 2, 3, and 4), 
in which the upper ossicle, "epizygal," bears a pinnule or cirri, 
as the case may be, and the lower one, " hypozygal," bears none. 
(3) " Anchylosis " or fusion, when two osaicles are immovably 
cemented by an unbroken deposit of stereom, which, however, 
is less solid than that of the plates themselves. Towards flexibility 
we have : (1) That form of " loose suture " in which the stroma- 
fibrils lie at right angles to the suture, and the stereom is thrown 
into corresponding folds (cf. pore- rhombs of cystids), or that form 
in which there is a slight facet, either smooth or striated (Fig. 
CXI. 3), or interlocking crenulations (Fig. XVIII. 1 ). (2) " Imper- 
forate articulation," in which there is a slight facet, or a toothed 



THE CRINOWEA 



109 



articular surface (Fig. XVIII. &) ; the fibrils are at first developed 
into elastic ligaments, and later into true muscles. (3) " Perforate 
articulation," in which there is a highly developed facet, with fulcral 
ridge, ligamentar depressionB, and muscles innervated from an axial 
coi5 which perforates the ridge (Fig. XVIII. 6). 

In such a simple crinoid as that under diecuBsion the cup-platea 
would be united by close suture ; the tegminals, probably by 
primitive suture, or loose suture of the rhomb type ; the brachials, 
by imperforate articulation, perforate being a later development ; 
the columnals, by loose suture of the striate type. 

The Skeletal Elements of a crinoid may be thus classified ; 
" Primary Elements," the first to he developed in both ontogeny 
and phylogeny, divided into — " abactinal," developed on the 
right or aboral coelom, and directly innervated from the chambered 
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organ, viz. columnals, cirrals, IBB, BB, RE, Br, and piiinulars 
(wiie in/ra) ; " actinal," developed on the left or oral coelom, and 
connected with the various oral ring-systems, viz. i^ (orals) and 
ambulacrals (Chapter VIII., Fig. X.). "Secondary or Supple- 
mentary Elements," which may be intercaUted between the primarj- 
pieces ; these have not yet been discussed ; they include " inter- 
brachiaU" (iBr), " interambulacrals " (iAmb), " interaxillariee " 
(iAx), some " anals," and a few others of no special importance. 

The terms " proximal " and " distal " are reckoned from the 
plane separating stem from crown, so that the iufrabasals and top 
colunmal are the proximal elements of crown and stem respec- 
tively. The actinal elements, however, start from the oral centre 
as proximal point. 

For orientation the crinoid is placed in its natural position, 
mouth upwards, and is viewed from the anal side. The anal 
interradiuB is then posterior ; the radius opposite it is anterior ; 
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right and left correspond with the right and left of the observer. 
To preserve this orientation when the crown is viewed from above, 
the anal side must be nearest the observer (downwards in a 
figure) ; when viewed from below, the anal side must be away 
from the observer (upwards in a figure). Such is the rule followed 
in the drawings illustrating this book, while in the various analyses 
the anterior radius is always placed on the right of the figure. 
Various modes of designating the radii have been attempted. To 
extend to the Crinoidea Lov^n's Echinoid numeration, is to postu- 
late an homology that is far from proven. The annexed table 
compares with other systems the symbols here used : — 
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We have now run through the chief characters of a normal 
crinoid of simple structure. Few are so simple as this, but 
various modifications have occurred in the history of the class, 
some perhaps only once, others at different geological periods in 
races of diverse origin. Some of these, especially when of im- 
portance for classification, must now be discussed. 

Some crinoids have a Dicyclic, others a Monocyclic Base (p. 
99). The value of this in classification is disputed. Among 
various early genera, placed by Wachsmuth & Springer in a 
single family (Reteocrinidae), some are with, some without infra- 
basals, having the angles of the stem-lumen respectively radial 
and interradial. But the yet simpler genera, from which presum- 
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ably these genera descended, probably differed in the same way ; 
and resemblances, undoubtedly of secondary nature, should not 
lead us to place together forms of diverse origin. The distinction to 
be drawn between monocyclic and dicyclic genera is more obvious 
in the simpler crinoids ; but here too there are parallel stages 
passed through — the monocyclic locrinus and Heterocrinus (p. 145) 
correspond with the dicyclic Merocrinus and Ottawacrimbs (p. 178) 
respectively. Since the presence or absence of infrabasals is cor- 
related with the radial or interradial position of the lobes of the 
chambered organ, the derivation of one type from the other 
involves more change than the mere atrophy or appearance of 
certain plates. Hence monocyclic and dicyclic genera should not 
be placed in the same line of descent, unless this change can be 
proved : there is no reason why they should not have been inde- 
pendently evolved. The origin of Dicyclica from Monocyclica 
is, in fact, opposed by the available evidence; but Monocyclica 
may conceivably have been derived from Dicyclica in one of two 
ways, outlined in the next two paragraphs. 

There are, especially among the later crinoids, several genera 
known as " pseudomonocyclic," because though infrabasals are in- 
visible or absent, at all events in the adult, the evidence of the 
axial cords (e.g. in Bhizocrinus) of palaeontology (e.g. Apiocrinus 
and Peniacrinus), or of embryology (e.g. Aniedon), demonstrates the 
existence of infrabasals either in the young or in near ancestors. 
Discoveries of this nature have strengthened Wachsmuth & 
Springer's law by affording a rational explanation of apparent 
exceptions. But suppose secondary growth of stereom to occur 
in a pseudomonocyclic genus, converting the angles of the stem 
from interradial to radial, and the angles of the stem-lumen from 
radial to interradial. Then, if recent examples were known, the 
law, as emended above (p. 106), might be applied successfully; 
but it would not tell the truth if only fossils were available, and 
the crinoid would pose as monocyclic. Such changes are actually 
observed in the growth of Antedon, while in Isocrinus^ which other 
facts prove pseudomonocyclic (Fig. XI.), the angles of the stem- 
lumen in the proximal region are interradial, as if the genus were 
truly monocyclic, though the downward prolongations of the 
chambered organ are radial. In Glyptocrinus Fomshelli the angles 
of both stem and axial canal are radial ; since there are actually 
no infrabasals, we may suppose secondary ingrowth of stereom, 
and this is confirmed by S. A. Miller's description of the columnals 
(1874). 

The changes just described leave the essential distinction 
between monocyclic and dicyclic genera untouched (as shown in 
Fig. XII.); and among the earliest crinoids there is little evidence 
of pseudomonocyclic forms. There is, however, a possibility that 
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the change from Dicyclic to Monocyclic may have taken place, 
not by compression and atrophy, but by torsion and fusion. Many 
monocyclic genera of Ordovician and Silurian age have some 
radials (usually r. post., r. ant., and 1. ant. RR) transversely bisected ; 
the upper part is called "super-radial " (Rs) ; the lower part, 
" inf erradial " (Rt), (see Fig. LVIII.). Now, in some dicyclic 
genera (e.g. Ottavxiciinus, Fig. XCVI.), perhaps in consequence 
of the introduction of fresh plates in the anal interradius, the 
radials are shifted to right and left so as to lie almost vertically 
above the basals. The suggestion then is that the inferradials and 
basals of Monocyclica represent basals and infrabasals respectively 
of Dicyclica. If then the Rs and Ri fuse, a truly monocyclic type 
is produced with one circlet of BB and one of RR. One obvious 
objection to this theory is the presence in many Dicyclica of a 
plate (the radianal, RA), which is now generally regarded as a 
slightly modified inf erradial (r. post. Rt), (Fig. XXVI.). Other 
objections to this and similar views, based by P. H. Carpenter 
(1878) on alleged homologies with the apical system of Echinoidea, 
have, it is true, been somewhat discredited by modern embryological 
and palaeontological research. Nevertheless, for the present the 
gulf between Monocyclica vera and Dicyclica is unbridged, and 
must be recognised in classification. 

The dorsal cup of a simple crinoid consists of two or three 
circlets, but there is often a tendency for the proximal brachials to 
be so joined to the radials and to one another as to form part of 

the cup (Fig. XIX.). There is, however, a supposed 
morphological distinction between these "fixed 

brachials " (Br) and the radials : the latter are de- 
veloped in the Antedon larva as expanded sieve- 
like films ; but all brachials begin as " imperfect 
rings, which soon become filled up with lengthening 
fasciculated tissue" (P. H. Carpenter, 1884; see Fig. 
XIX.). In a form where many brachials enter the 
dorsal cup, it is convenient to have a common term 
Fio. XIX. ^or the primitive elements of the cup (IBB, BB, 
R, radial, crib- ^^) • somc Call them the " apical system," postu- 
?i°"" ri^*^b*°^' ^*^i^g * homology with the plates so called in 
fiuicicuiate ste' Echinoidea ; the old term patina is shorter and safer. 
^r^fuja, x^7b. To understand the extension of the cup beyond 
jSiw ^B.^car *^® patina, it is necessary first to study the Arms 
penter.) or Bracliia (Fig. XX.). Those are rarely single. 

The first step in advance is a bifurcation, con- 
stantly repeated in a regular manner (regular dichotomy or 
isotomy). Modifications of this occur through the suppression 
of a bifurcation at definite points (irregular dichotomy or hetero- 
tomy). In each half of the arm, the first branch on the right, 
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then the first on the left, and so on, may be smaller than the other 
branch. Thua there arises a main trunk giving off smaller branches 




right and left alternately. These smaller branches may themselves 
undergo a similar process, and so form armlets (ramu^t) borne by 
the main arm-branch 
(ramiw). When the 
ramules cease to branch 
themselves, and are reg- 
ularly placed on alter- 
nate sides of successive 
brachials of the main 
branch, they are called 
•piimvlat, and the arm is 
" pinnulate," This pro- 
cess of evolution has 
been phylogenetically 
traced in Hotri/ocrinas 
(Fig. XXI.}, while the 
primitivelydichotomoiis 
origin of the pinnules 
may be seen in the 
developing Anledon. 
The pinnule, as P. H. 
Carpenter said, is an E>-oiiiti 
arm in miniature ; it nwxdiT'A 
differs in nothing but ^l^l^"' 
position from the small "tifnfuj tii — 
end-branches of a simple 
dichotomous arm ; but, in a pinnulate arm, it differs from 
the ramus by the restriction to it of the fertile portions 
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of the genital rachis. The pinnule differs in origin, and prob- 
ably in structure and function, from the brachiole, which is an 
independent exothecal process (see p. 41). Whether such struc- 
tures as brachioles occur in Crinoidea is disputed. Wachsmuth & 
Springer (1897) appear to regard pinnules as independent develop- 
ments, rejecting the above theory of their origin. Jaekel (1894) 
accepts the theory for most Inadunata and Neozoic crinoids, and 
speaks of the organs as ramuli, restricting the term " pinnulae " 
to the similar organs of the Palaeozoic Camerata (Cladocrinoidea, 
Jaekel) and to the cystid brachioles, which he regards as homo- 
logous. His view is admissible, but lacks proof. 

In simple dichotomous arms, each brachial that supports two 
branches does so by two upper sloping sides, or shoulders, of 
equal size, each notched by the ventral groove, and pierced by the 
axial canal, which branches with the arm. Such a brachial is 
called aonllare (ax), and all that part of the arm borne by any 
single axillary is a " dichotom." The branches of the axial cord 
are united at their bifurcation by a criss-cross of nerve-strands 
(chicLsma) serving to correlate their activities. As the size of one 
half of a dichotom is reduced, the supporting shoulder of the 
axillare is narrowed. Continuance of the process tends to bring 
the wider shoulder more parallel to the under joint-surface of the 
axillary. Thus a pinnulate arm of primitive structure consists 
of a series of axillaries in which the alternate right and left 
shoulders are wide and almost parallel, while the others are 
greatly reduced and bear pinnules. 

A pinnulate arm may consist of two rami, or each ramus may 
bifurcate just as in a simple arm, though never to the same 
extent. The axillaries on which the rami fork remain unmodified, 
and with equal shoulders. It is convenient to distinguish these 
as " main-axils " (Ax). 

Owing to the great variation in the branching of the brachia, 
it is extraordinarily difficult to devise a consistent terminology, 
or to denote any particular ossicle in a concise and intelligible 
manner (for fuller discussion, see Wachsmuth & Springer, 1897; 
and Bather, Ann. Mag, Nat. Hist. Jan. 1892; and GeoL Mag. 
July 1898). In a non-pinnulate dichotomous arm all brachials up 
to and including the first axillary may be styled primibrachialia or 
"primibrachs" (IBr), the axillary being distinguished as "primaxil 
(lax); the following Br in each branch are " secundibrachs " (IIBr), 
with a " secundaxil " (Ilax) ; then succeed " tertibrachs " (IIIBr), 
** quartibrachs " (IVBr), and so on. In a pinnulate dichotomous 
arm the IBr do not as a rule bear pinnules, and are therefore 
homologous with the IBr of a simple arm ; but of the next series 
only the proximal brachial of each ramus is strictly homologous 
with the IIBr of a simple arm, the pinnule borne by it, together 
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with the next Br, representing the IIIBr of a simple arm. To use 
the same terms is especially perplexing in intermediate forms ; 
but solutions of the difficulty, though proposed, have not gained 
general approval. 

For descriptive purposes, a dichotomous arm is viewed from 
the dorsal, i.e. aboral surface, and " right " and " left " equal right 
and left of the observer. The mediad rami are called interior ; 
those to the sides, exterior. A particular brachial in any series 
is denoted by placing a small Arabic numeral after the symbol — 
nBr^ IVBrg, IIIBr^. The number of Br in a series may be 
expressed either by stating it with a large Arabic numeral, e.g. 
IIIBr,7, and IIBr,10; or by giving the number of the axillare, 
thus inax.j,, and Ilax^^. The ossicles of the distal rami which do 
not branch again are called '^ finials " (F). 

The ambulacrals (Amb) ^ necessarily branch with the brachials, 
and the several series or orders may be designated as lAmb, 
nAmb, etc. Their simplest form is that of a line of small 
plates on either side the groove, capable of being raised or 
depressed ; and when closed, meeting in the median line by a 
zigzag suture due to their alternating arrangement. They vary 
in size, both absolutely, and relatively to the brachials. Each 
ambulacral may be divided by one or more tranverse sutures, 
parallel to the long axis of the arm ; this produces the appearance 
of short pinnules, for which these structures have been mistaken 
by more than one author. The transverse sutures may come to 
lie at an angle, and the portions to alternate with one another. 
Thus arose the side-plates or adambulacrals, which are a persistent 
feature in many of the later crinoids (cf. Fig. IX. 2). There 
may also be developed minute but distinct ossicles beneath the 
outer covering-plates and alternating with them. The complicated 
structure thus developed in Cyathocrinus and Gissocrinus has been 
exquisitely worked out and illustrated by G. Liljevall (Bather, 
1893, pis. vii.-ix.). 

Brachia, rami, ramuli, and pinnulae, in which the ossicles lie in 
a single row, with more or less parallel joints, are termed " uni- 
serial." Simple arms in Crinoidea are always uniserial. Pinnu- 
late arms undergo a modification. Since in such arms the joints 
slope alternately to right and left (p. 114), the brachials tend to 
assume a wedge -shape; in process of growth of either the in- 
dividual or the race, a complete wedge-shape is assumed, so that 
the joint-lines between the ossicles form a " zigzag." Lastly, the 
brachials come to lie in two alternating rows, in which case the arm 
is termed "biserial." This development doubles the number of 
pinnules in a given length of arm, and thus aids the collection 

^ The terms "ambulacral" and " adambulacral" must not be held to imply any 
homology with elements thus named in Stelleroidea and Ecbinoidea. 
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of food. The axial corda and ventral groove at first swing from 
side to side ; but this would be almost impossible in biserial arms, 
BO here a common straight ventral groove is formed, and the axial 
cord lies at the bottom of it. The change from unieerial to 
biaeriat, just as the evolution 
of pinnules, begins in both 
ontogeny and phylogeny at 
the growing tip of the arm, 
and proceeds gradually proxi- 
malwards (Fig. XXII.). 

Still further develop- 
ment occurs in the Camer- 
_^ ata. The adjacent right and 

left ossicles of a biserial arm 
may fuse, so as to form a compound brachial, and this necessarily 
bears two pinnules, one on either side. Further than this, it appears 
as though two or more compound brachials could fuse, and so form 
a triply compound ossicle bearing two or three pinnules on either 
side. At the same time, the pinnulars themselves may come to lie 
in zigzag or biserial fashion, in the same way as do the ossicles of 
80 many cystid brachioles. It is this structure that influenced 
Jaekel in his distinction between "pinnulae" and "ramuli" (supra) ; 
but the facts are explicable as the final stage in a regular 
evolution (Fig. LXXIX.). 

Fusion of brachials either laterally, or in vertical series, or both, 
may occur in any crinoid race in which it proves advantageous. 
In some GissoeriiU the IIBr, and jwasibly IIIBr, of each arm were 
laterally united by suture ; in Vrofalocriuiis (Fig. XCII.) all brachials 
of an arm are suturally united by projections at the distitl margin 
of each brachial ; in Petalocrmns (Fig. XCI.) all brachials of an arm 
except IBr are fused into a single petaloid plate. Compare also 
Mdocrinm (Fig. LXXIV.) and Eudadoerims (Fig. LXXI. 4). 

Brachials primitively, and pinnulars nearly always, are 
united by loose suture (compare Fig. XVIII.). The next stage is 
imperforate articulation. In the linal stage, perforate articulation 
(Fig. XXIII. 1), there is a well-marked transverse fulcral ridge, 
pierced by the axial canal ; the ventral groove comes nearly up to 
the ridge at this point. On each side of the ventral groove, and 
often separated by a slight vertical, i.e. dorso- ventral, ridge run- 
ning down to the axial canal, are two depressions, /osaie,- the ventral 
pair lodges muscle fibres ("muscular fossae"); and the dorsal 
pair, interarticular ligament (" ligamentar fossae "). Dorsad of 
the fulcrum is a deep "dorsal fossa," lodging elastic ligament. 
This type may be modified by the disappearance of the ventral 
muscles, the increase of the interarticular ligaments and their 
fossae, and of the vertical ridge separating them, which now 
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passes dorsad of the axial canal, and the concentration of the 
dorsal ligament in a pit at the end of the vertical ridge (Fig. 
XXIII. 2). This is called "trifascial articulation." Further 
increase of the ligamentar fossae and of the vertical ridge, 
with the disappearance of the dorsal fossa, produces the 
" bifascial articulation/' adapted only for lateral movement (Fig. 
XXIII. 3). These forms of articulation may be bilaterally 
symmetrical, but in pinnuliferous brachials the fulcral ridge is 
skewed, so that on the distal joint-surface the end of the ridge 
towards the pinnule is moved dorsalwards. 

The syzygy (J. Miiller, 1841; P. H. Carpenter, 1884;. 
Bather, 1896) is an immovable sutural union between two brachials 
of a pinnulate arm, accompanied with loss of the pinnule on the 




Fio. XXII r. 

Arm-joints. 1, brachml of Imcnnns aXUria^ afl<»r Joh. Miiller. 2, diHtal faco of lTir\ of 
IMhy.rinvts Aldru',hianmt (cf. in Fig. XVII I.), x 8 diam. 3, the Maine in Isocrintu JUakei, x 8^ 
diam. 4, syxyjty of Rhizocrintts Rawsoni — a, epizj'gal from its under surface ; b, hypozygal 
froDi ita upper surface, x 7 J diam. 5, syzygy of Inocrinus BUtkei — a, upper surface of hypozygal ; 
/», epizygal ; and c, hypozygal in their relative positions, seen from side, x SJ diam. (2-5 are 
after P. H. Carpenter.) 

ac, axial canal ; dl, dorsal ligament fossa ; il, interarticular ligament fossa ; mf, muscle 
fos^ : p', facet for pinnule ; tv/, ventral groove. 

hypozygal (compare Fig. XVIII. ). Immobility may be eflfected 
in various ways. The apposed faces may be smooth (some 
Pentacrinids), striated {UintacrinuSy most Antedonidae), or dotted 
(some Adinometrae) ; in Rhizocrinus a peg projects from the dorsal 
region of the epizygal into a pit in the hypozygal (Fig. XXIII. 4), 
and in some Pentacrinids a dorso-ventral ridge on the epizygal 
fits into the hypozygal (Fig. XXIII. 5). The former type of 
syzygy facilitates fracture along the suture, and is specially 
developed in locomotive forms liable to entangle their arms. 
The latter type appears different in origin and function. 

We now return to the extension of the Dorsal Cup. This may 
be effected, as in Ichihyocrinus (Fig. CVIIL), by the direct lateral 
union of the proximal brachials. At the same time, the proximal 
ambulacrals enter the tegmen, so that the thecal cavity stretches out 
further between the actinal and abactinal elements. In many living 
crinoids the proximal brachials are united by a flexible integument 
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containing minute supplementary plates {l^eriwus, Calamocrinus) ; 
thus the thecal cavity is enclosed by secondary as well as primary 
elements. Similar plated membrane may occur between the IIBr 




Oiliiwocriiiiij iliaMKlrar. 1, posterior view of cup, showing altirhmpnt ot aiuil tube to 
pinnnlH iiid pcoiiinil tmcfainl*. X I; 3. ndtal iiid pnnJmal bnchtnJ* tno from Inilda of 
cop, abowing uttMbnuint of bitrrbnchlBli (mucb enliujiol) ; 3, ■ iiml]ir portlgn Ken rnm Un 
iildB, (bowing tfai<lnt<-rbnchials(uiiih>iled)mttached lo tha biuhiili ind plnuulan (shulcd). 



.ii.) At, alius ; B, baal ; IBr, prtmlbnu 
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or IIIBr of a single arm. The small plates may increase in size and 
firmly bind together the arms and rami (Fig. XXIVa) ; those 
between brachia are "inteibrachials" (iBr) ; between IIBr, " inter- 
secundibrachs " (iIIBr), and so on. 
Similarly there are interambula- 
crals of various orders ; the ilAmb, 
merging at the sides of the theca 
into the iBr; the illAmb separated 
by the thecal cavity from illBr; 
the illlAmb, and so on. The 
interbrachials sometimes, though 
rarely, descend between the 
radials. Not merely brachials, 
but also pinnulars may be incor- 
porated in the cup, and between 
►•in. xxiVd. pinnules are developed "interpin- 

saftMcHntu apamat^ shon inmrp.ira- nulars" (e.g. Utnlacriniis, Fig. CIII.); 
» ™ pinteMtbMfl uEter m"S,wifi™roi It \s often hard to distinguish fixaJ 
M^s'!5cbl^n'M-U7.T =!"?■ *'^"'°"*' pinnulars from supplementary 
plates. Except in primitive forms 
(e.g. Reteocrinidae), the interbrachials have a similar arrangement 
in each interradius of an individual. Indeed, the arrangement often 
serves as a means of distinguishing species and genera. This 
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regularity is, however, often modified in the posterior interradiuB, 
vUch ia widened by the insertion of "anal plates," so called 
because they afford room for the anus, and are continuous with 
the plates supporting the anal tube when that organ is present. 

The Anal Plates of the Camerata appear as a median line 
splitting the posterior interbrachials, and forming as it were a 
sixth ray to the cup. They are rarely developed in forma in 
which the anus ia central or comparatively small ; a slight 
enlargement of the posterior calycal elements then sufficed. They 
are, therefore, regarded as supplementary pieces developed as 
occaaion arose in the position 

There they are found. The anal _-J^M^^1|l l^^^^ttj 
tube is an outgrowth of the pos- ^wH^^W^ BbMbB 
terior interambulacrum, and is, in VfEfDEEMl Br'.JH^KSB 

ilar forms, supported by a dorsal ^^SEv *^ fiOWpj 

line of ridged plates continuous ^^^Em nci ^^SHv 

with the anala (Fig. XXV.). The ^^pT/Z/.-VeB iV^S^ 

ridge is connected with the ridges ^■' 

that unite the posterior basal to pio. xxv. 

the right and left posterior radials, Gif{Soeri«v*Aia«iirofi«i. 1, rmmiyw 

and this indicates that an axial T^''riU(S?^r)i'iii(!'the°™yH 'i're oialriy 

cord passed up it to govern the ",;™i„'i''i sprinleT' JiXrM«.C' 

motions of the tube. In later 

Camerata, where the interradii and tegmen are leas flexible, this 

difierentiation disappears. 

The anala of the Inadunata and Flexibilia (Fig. XXVI.) have 
been much discussed (see summary in Bather, 1890 and 1899 \ and 
Wachsmuth & Springer, 1897). At least one of them, the 
radianal (RA), is admittedly a primary, abactioal, radial element, 
being in fact the modified lower half of the right posterior radial 
(r. post. Rt). By the introduction of other plates, and notably 
one special anal (a) into the posterior IR, the r. post. Ri is pushed 
to the right, so that RA comes into contact with x, and helps in 
the widening of the area and the support of the anal tube. The 
theory, originated by Wachsmuth and Springer, that the tube is a 
modified arm, has since been rejected by them. The less extreme 
view that the dorsal median line of ossicles supporting the tube 
represents the proximal left ramus of the right posterior arm, up 
which the interambulacral peristome around the anus gradually 
stretched, has the following facts among others in its favour : — 
The tube is admittedly in close connection with the right posterior 
ray (Fig. XXVII.) ; it is up this side that the rectum passes ; in 
/ocriniu, Merocrinus, and Casloerinus, and, to a less extent, in 
ffelerocnnus, Edenocrinus, and Okwcrimis, the proximal plate of 
this median row rests on r. post. R ; in locrinus the articulation 
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betvtea r. post. R and this proximal plate differs from that between 
r. post. R & IBrj only in size (Fig. XXVIIl.) ; in loenma the 
ventral groove of the median aeries coalesces in r. post. E with the 
ventral groove of right posterior arm ; this, and other evidence 
from Heterocrinidae, shows that the median anal series was in- 
nervated from the axial cord of r. post. £. The only argument 




against the view, ia the improbability of a change of function in 
the ramus ; still the view is not proven. 

A distinct question is whether the anal ?, which frequently 
occurs in the posterior interradius of the cuji, is a secondary 
element suddenly introduced, as arc the anals of Camernta, or 
whether it is the proximal median plate of the tube (us in 7of?rmus, 
Heterocrinidae, etc.), that has gradually sunk down into the cup. 
Wachsmuth & Springer hold the former view, believing that 
z is homologous with the strictly interradial anal of Camerata, 
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and that the proximal median plate of locriwi^ and Heterocrinidae 
(which they call () ia represented in genera with a special anal x 
by a tube-plate (rt) on the left shoulder of r. post. R (Fig. XXVI, 
2-6) ; they assert that " in the earlier and simpler forms, the tube 
consists of only five [vertical] series, one to each interradiiis, that 
of the anal side resting upon I. Later on, as the tube grew larger, 
a now row of plates was introduced with plate x supporting it. 
When there are three series [at the posterior side], as in Dendro- 
erinus, the third generally rests upon one aide of the left posterior 
radial. The arrangement of the platoa within the rows is so 
regular, that if a sinking of the plate ( had taken place, it would 
certainly be indicated by some disturbance among the lower plates 
in the tube." In this sentence the proximal median plate / (our z) 




lilVHl- {FrgmBlthei 

of Hderocrinns is identified with rt of Dendrocrinm ; hut no proof 
has yet been given that the added series may not be those starting 
from rt and U, rather than from x and It. On the other hand, the 
view that the series x is homologous with the series I, is supported 
by the general size and appearance of the two, and by the inferred 
relations of the axial cords. And the homology of x with f ia 
supported by the facts that the position of I with reference to r. 
jioat. R«, does vary from a higher to a lower level in early genera, 
while the position of x to the adjacent radials likewise varies. 
In late Carboniferous genera of Dicyclic Inadunata, x certainly 
appears to pass up out of the cup (Fig. XXIX.), and this inter- 
pretation is confirmed by the migration of the anal in the develop- 
ment of Antedon, which anal is universally homologised with x 
(Fig. XXX.) ; but if a plate can pass up, it can also pass down, as 
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is further proved by the phylogeny of the Calceoerinidae, The 
(act that z ia wholly or partly in the cup, and ( partly or wholly 
outside, does not make them different morphological elements ; for 
there ia now admitted to be no difference between interambulacrala 
and interbrachials, or between fixed and free brachials. Con- 
sequently in this work the aymbol x will always be applied to the 
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proximal plate of the median line of the anal tube, whatever its 
position. 

Modification of the cup ia not confined to the fixed brachials 
and interbrachials, but also affects the patina. We have discussed 
the disappearance of IBB. We have also to note a tendency to 
fusion in the plates of the proximal circlet, whether IBB or BB, 
and their change of ahape due to the introduction of anals into the 
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patina. The first atage ia the fnaioii of one pair, producing 1 
large and 3 small plates (Fig. XXXI. 3). This ia almost entirely 
restricte<l to monocyclic genera, where the plates that fuse are the 
right and left anterior basals. Next comes the fusion of two pair, 
producing 1 small and 2 large plates (Fig, XXXI. 3). This occurs 
in both Mono- and Di-cyclica. In the former the small plate is 
the left anterior basal, or rarely left posterior basal ; whereas 
in Eublastoidea it is the right anterior basal (Fig. XXXI. 4). 
In Dicyclica three infrabasals have been observed only among 
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Inadunata and Flexibilia; in the former group the small plate 
is often, but not always, the anterior infrabasal (Fig. XXXI. 7) ; 
in the latter it is (a-pud W. and Sp.) always the right posterior 
infrabasal (Fig. XXXI. 8). A bipartite base is formed only in a 
few Monocyclica ; the two plates lie on the right and left sides of 
the cup (Fig. XXXI. 9). Finally, all plates of the proximal circlet 
may fuse into a solid ring, both in Mono- and Di-cyclica. The 
infrabasals may fuse with the proximal columnal in Flexibilia, 
thus forming a pseudomonocyclic type. The basals may be over- 
grown by, and incorporated with, the radials, as in Eugenidcnnus. 
The symmetry of the base is modified by the presence of anals. 
An anal resting on the basal circlet causes one of the basals to 
double in width, so that the base becomes hexagonal instead of 
pentagonal. Thus the quadripartite base comes to consist of a 




Fio. XXXI. 

Bases and their modiflcatioiis. l-(» 
and 9, monocyclic ; 7 and 8, dicyclic ; 
1-4, pentagonal, unaffected by anal ; 
6, 6, 9, hexagonal, affected by anal. 
In all the anal side is uppennost, and 
the plates are numbered on Jaekel's 
plan (aee table, p. 110) ; the imagin- 
ary additional piece is marknl +. 
I, 5BB: 2t4BB; 8, 3 BB. Crinoid 
type ; 4, 8 BB, Blastoid type ; 5, 
4BB; 6, 8 BJS ; 7, 3 IBB, as usual in 
Dicydica inadunata ; 8, 3 IBB, aK 
usual in FlexihUi/x iminnnata; 0, 
2 BB. (Adapted ftoni Wachsmuth L 
Springer.) 



posterior and anterior large plate, and two small lateral plates (Fig. 
XXXI. 5). These tend to approximate in size. In Xeiioaiinus 
(Fig. LXXVIII.), interbrachials as well as anals come down between 
the radials, so that the basals are nearly equal in size, but irregular 
in shape, and make the base decagonal. Removal of anals and 
interbrachials from the radial circlet leaves a pentagonal quadri- 
partite base, such as is found in Melocrinidae (p. 161). An anal 
resting on a tripartite base is accompanied by increased width in 
the small left anterior basal (Fig. XXXI. 6). But in the bipartite 
base the small basal fuses with the combined posterior and left 
posterior basals, while the combined right-hand basals increase in 
width (Fig. XXXI. 9). In most Dicyclica the infrabasals do not 
assume a hexagonal outline ; for the anals do not occur in the 
basal circlet, but z truncates the upper surface of the posterior 
basal. Exceptions are Sagenocrinus, Carabocrinus (Fig. LXXXIV.), 
Stfophocrinus, and Thenarocrinus (Fig. XCVL). 
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The enlargement of anal structures was not the only factor in 
the modification of the typical pentamerism. Allusion need not 
be made to the (apparently sudden) dropping of a radius to 
form 7i!/rfflc«»H(5 (p. 153), or the duplication of the radii to form 
Pramadmerinus (p. 195), and similar cases. Nor need more be 
said as to the enlargement of certain radii (e.g. Pisocriwis), the 
bisection of others (e.g. Heteroerinus), and so forth, since in these 
cases the outwardly symmetrical appearance of the cup usually 
remained unaltered. But certain factors, probably of physical 
environment, such as currents and direction of food-supply, or 
possibly connected with locomotion, have at different times pro- 
duced similar results in different families. A bending over of the 
cup, accompanied by diminution of certain radials, was common 
in Eugeniacrinidae, as well shown by Jaekel (1891). In the 
remarkable Calceocrinidae the crown was bent towards the right 
posterior interradius, and far-reaching changes brought about in 
both cup and arms (p. 148). Even in an unattached species, 
apparently of Agassizocrinus, similar growth of one side took place 
at the expense of the other. These 
cases are comparable to the irregu- 
lar Eublastoide. 

Concomitant with modifications 
the dorsal cup were modifica- 
1 tions in the Tegmen. Just as 
brachials entered the cup, so their 
covering-plates (Amb) entered the 
tegmen, pi'olonging the food- 
grooves over its surface. And cor- 
responding to interbrachials in the 
cup, there arose interambiilacraU 
(iAmb) in the tegmen (Fig. 
XXXIL). 

Other changes that took place 
- are difficult to describe without 
\ raising the question of the homo- 
[ logy of the plates covering the 
w.cinmutii & Springer, 18117.) x j. mouth. In AuMoti five inter- 

radial plates (O) are developed 
before the radials and at the same time as the basals, upon which 
they rest (Fig. XXXIII. 1), Between these two circlets appear 
the radials, upon the shoulders of which the five a<loraI interradiala 
then rest (Fig, XXXIII. 2), forming a pyramid closed over the 
oral centre, but soon opening at the apex to expose the entrance 
to the mouth (tentacular vestibule). The posterior of these plates 
surrounds the hydropore. At a moic advanced stage they become 
se[>arated from the radials by ambulacrals and interambulacrals 
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(Fig. XXXIII. 5), and finally, in most Bpecies of Antedm, are 
reaorbed (cf. Fig. XXX. 4). These plates are called oralia (0). 
Their prominence in early stages shows thera to be primary 
elements of the theca, probably well developed in the adult of 
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primitive fomu. Five triangular plates that cover the mouth in 
the recent Holopus, Hyocrinus, Rkixocrimis, and Thauvtalocnmis, 
are by all writers homologised with orals (Fig. XXXIV.). In 
all Antedonidae, Bafhycrinws, and Calamoerinus, they are almost 
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In HybocTinus, Haplocrinus, Carahocrinus, and other primitive 
genera are five interradial plates precisely resembling the orals of 
the larval Anttdon in shape and position (Figs. XXXV., XXXVI.). 
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The generally accepted view that these are orals is confirmed by 
the frequent presence of a pore or pores in the posterior one, as in 
larval Antedon and adult Hyocrinvs, and by the situation of the 
anus between this plate and the adjacent HR ; in Haplocrmw the 
pore and the anus appear to be combined near the oral end of this 
plate. These plates have in preceding pages been spoken of as del- 
toids (A). They meet close around the mouth like the A of many 
Blastoids, and in Hybocriuus and Carabocrinus they show traces of 
hydrospires of Cadaster typo. On the other hand, they are 
homologised, and justly so, with five similar plates that occur in 
CocoKrinn^ Sff7nballwiyrin>is, Fisocriniis, Allagecrinus, Myrtilloeritats, 
some Platycrini, and the specimen of 
Taxucnnus inlermedtus (Fig. XXXVII.) 
described by Wachsmuth & Springer 
(Nov 1888). In most of these 
genera the orals (or A) cover the 
mouth, and the food-grooves pass. in 
under them ; but in TcLcocrinus the 
mouth 13 open, and the grooves with 
ambulacrals pass between the orals ; 
while in Hybocrinus and Carahocrinvs 
the ambulacrals rest on the edges of 
the apposed orals, showing that the 
Tegmm ur TaiKHtrus ixinmniiui, grooves were actuullv above those 

A, .mil rfdBB ; Br, edgm of bnchiBl- ; ", , ■' 

Umi, HIAiab. illlA^b, lnl«nNibiila- plates. 

o[*b™ ™^"i™iittie"m»tarice"mlin' From this primitive Palaeozoic type, 
^i!™?"^!') <*^' ^"i""""* * three lines of evolution start: (1) 
Ambulacra pass over the edges of the 
orals, while ambulacrals and sometimes interambulacrals gradually 
cover the orals, which seem thus to sink below the surface and to 
diminish in size ; the posterior oral, however, usually remains large 
and is pierced by hydropores, while the increased size of the anal tube 
pushes it more towards the oral centre {e.g. Euspirocrinus, Cyatko- 
crinus, Cttpressocrinus, Figs. XXXVIII., XXXIX.). (2) Ambulacra 
and ambulacrals pass between the orals, leaving an open mouth, 
while the orals gradually atrojihy (^e.y. Taxocrinus, Fig, XXXVII., 
probably other Palaeozoic Flexibilia, and certainly many of their 
Neozoic descendants). (3) Ambulacra pass beneath the orals, 
and gradually also beneath other legminal plates, which are 
developed pari passu with the incorporation of brachials in the 
cup, and which thus separate the orals from the periphery 
of the tegmen (e.g. Adunata and Camerata, Fig. XL. ; cf, Caryo- 
crinidae, p. 66). 

At the same time, in types (1) and (3) a modification of the 
ambulacrals takes place. The proximal ambulacrals covering the 
mouth in (I) become large, and assume a pentagonal arrangement 



THE CRINOIDEA 



aimulating that of primitive orala {e.g. Gtssoariifas, Fig. XLI., Crotato- 
crimis, Fig. XCII. ; cf. Eublastoidea). Other ambulacrals, eepecially 
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axillary Amb, increaeo in size, and form prominent bosses on the 
tegmen, called "radial dome-platos" {Fig, XLIl.); the effect of 
this is enhanced by the sinking of the other ambulacrals (e.g. 
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Actinocrinidae). These two facts suggest that the proximal dome- 
platea of Camerata, regarded as orals by Wachsmuth & Springer, 
and so quoted under head (3), may after all be modified ambulacrals. 
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The most conflicting viewB have been held from time to time 
by the same and by different writers aa to the homologies of these 
plates. That here put forward agrees in the main with Neumayr'a 
(1889), but is based on facts not accessible to him. Wachsmuth 
& Springer (1897) deny the homology of the 
deltoids in Enblastoidea, Hybocrinus, and Cya- 
thocrinidae, with the orals in Haplocrinus and 
Antedon ; the plates here regarded as enlarged 
ambiUacrals (e./j. in Eublastoidea, Cyatho- 
crinidao, Fig. XLIII., Crolalocritivs) are taken 
by them to be orals, and they imagine that 
they undergo resorption, fission, and other 
Fid. 5LII. changes, stating that thoy are relatively larger 

^^men of Miffi>ii>.:rinu. in young specimens. As to the origin and 
■ioiNe-pUit«i, •/. (AftT homologies of the large interradiat plates in 
j^h™,uui & aprine^r, inadunau (here called A or 0), those authors 
are undecided. 
The gradual sinking of the ambulacra and their covering-plates 
below not only the orals but other tegminal plates, has given rise 
in the typical Camerata to structures so differentiated that they 
were long misunderstood, and their chief elucidator, Wachsmutb, 
believed in 1877 that the tegmen of Palaeozoic crinoids was "a 
solid vault or dome," which could not "in the remotest degree be 
homologised with the soft 
peristome of " recent crinoids. 
"It forms," he said, "apart 
of the abactinal system " ; "a 
continuation of the radial and 
interradial scries of the dorsal 
side, and serves merely as a 
covering and protection for 
the organs underneath," 
From this it was generally 
inferred that an originally 
flexible tegmen ("disc " it was 
called, as in recent crinoids) "■'"■ '"-'"■ 

had been overgrown by a w^i„,i piKtea im not iioiiioiosou» with uia <i3- 
free arch which braces the ™i'I;,,^Hie';'''{J5i'nHtathpr"9»?"" ""^ "* "" 
entire oral side of the body 

without the aid of oral plates" (W. & Sp. 1881). The disc 
remained as an "inner test," in which were ambulacra and 
possibly orals. Because of this structure, supposed to obtain to a 
greater or less extent in all Palaeozoic crinoids, but not in their 
successors, the Crinoidea were divide<l into Palaeocrinoidea and 
Stomatocrinoidea, the ktter term being altered by P. H. Carpenter 
to Neocrinoidea. 
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As freah facts kept coming to light there was a good deal of 
shifting of grouod and mutual criticiem on the part of Wachemuth 
& Springer and Carpenter. The supposed difference, and con- 
sequently the clasaification, were rejected by Neumayr (1889) and 
Bather (1889-90). Independently and Bynchronously Wachsmuth 
& Springer (1889) concluded, chiefly on the evidence of Tasocrvam 
itUermedms (p. 126), that "in some Palaeozoic crinoids the mouth is 
exposed, and there is no vault aside of the orals " ; also that " all 
attempts to subdivide the Crinoidea by separating the Palaeozoic 
from the Mesozoic and later fonna as natural divisions will have 
to be abandoned." But it was not till 1891 that they published 
their recantation of the view that " the Camerata had a vault and 
a subtegminal disk." 

The explanation of the Camerate tegmen given by Wachsmuth 
& Springer in 1891 was readily accepted and now prevails. It 
may be condensed as follows ; — The plates of the tegmen were at 
first small and yielding, as in the Ichtfayocrinidae and in most 
recent crinoids ; in this state when the arms are open the ventral 
surface is depressed, when they are closed it bulges upwards. To 
afford better protection to the viscera the tegminal plates became 
more solid ; the tegmen being thus less flesible was fixed perforce 
in its protruded state. The covering-plates of the ambulacra had 
perhaps been closed from the begin- 
ning, but as, through the upswelling of 
the tegmen, the grooves were now more 
exposed, further protection was needed. 
Consequently they were lowered be- 
neath the surface and, starting from 
the solid orals, interambulacral plates 
closed in over them. Certain of the 
covering- plates, however, especially, 
it would appear, the axillary pieces, 
which perhaps could not so easily be 
covered by other plates, became much 
stouter, and were still exposed on the 
surface as solid radial dorae-platea. In *■'<"■ 'f "v. 

any form highly developed along these „i^oT'^1^i^^mf^^^' 
lines, e.g. Cadocrinus (Fig. XHV.), the ^^i^'l^'^'^t'^t^'i"!^™'^ 
food-grooves, water-veasela, and blood- one surn of togmpn ' broken tny, 
vessels are sunk right beneath the til8"Br^,'.''o^ninga (So''un(i«''Sp 
tegmen, and are enclosed in a tube ^S'^", Ji^^rfXT^ a ««!!:'««: 
conaisting of alternating ambulacrala x ). •>, ona o( tho food-<anaii, ftom 

. J J . 1 1 -11. above, furthnr mimiinoa{«fl«rMeek). 

above and adambulacrals or side-platee 3, Ui« convoiuud ocgu, froni beio«. 
below. The interambulacral plates of 

the tegmen send curious extensions into the interior of the calyx, and 
these extensions, spreading out, form what used to be regarded as 
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a disc. We may, with Wachsmuth & Springer, regard the exten- 
sions as caused by the perforation of the plates for water-canals ; 
or we may regard them as simple processes for the purpose of 
adding strength, without forgoing lightness, by a system of girders. 
The supposition just quoted, as to the existence in Camerata 
of a complicated water -vascular system, is supported by the 

connection of the internal passages 
'^^lAmb^^ V \J>^ with small pores near the arm-bases 

(Fig. XLV.). Such have been ob- 
served by Wachsmuth & Springer 
in Actinocrinidae, Batocrinidae, 
Rhodocrinidae, and Melocrinidae ; 
1 2 they are placed in the cup-wall at 

• the level of the teemen, between the 

Pores in Camerata. 1, Dohit(.>crinufi j xi. • • j ^i. • i 

Lyoni, an interradius, showing slit -like arms and tneir rami, and tnciT canals 

«?;rJrSirnpr/^^^^^^^^ are separated from the subtegminal 

2, BatocHnus, showing pores (p) between arm-groovcs by a thin partition. 

interambulacralM and fixed seciindibrachs ^ t? • n • r# 

(from Brit. Mus. specimen 76592). x §. In BotocnnuSy Strotocnnus, Steguno- 

Br'.passageofann-canalsintothecalcavity. ^^.^^^ EvdodoonnuS, and Others in 

which the arms branch off alternately, there is a pore to each ramus 
that springs directly from the dorsal cup. Dolatocrinus may have 

four to six in each interradius, and two to four between each IIBr 
series. Other genera have only ten pores. In GUhertsocrinus these 
are at the end of long tubular extensions of the interradial areas 
(Fig. CXXVII.). The facts are so plain, that the introduction of 
water into the thecal cavity for aeration of the viscera seems prob- 
able ; but the connection of these passages with the hydrocoel or 
with branches thereof is a different question. The pores may pos- 
sibly have replaced the hydropore or the madreporite of certain 
Inadunata. In many recent crinoids pores pierce not only the O,. 
but the iAmb, often in great numbers, being least numerous in 
the posterior IR. Antedon bifida (Fig. XL VI.) is said to have 1500. 
They may also occur on the edge of the theca between the arms. 
In Adinometra they are chiefly developed near the ventral grooves, 
and even on the pinnules. These pores communicate with the 
coelom or its extensions (Fig. XL VII.), and so indirectly with the 
water-ring. Where there are few pores (e.g. Bhizocrinus, Fig. X.), 
a process (stone-canal) stretches out towards each from the ring ; 
but, when numerous, there is no correspondence between stone- 
canals and pores. 

The statement has repeatedly been made (by Trautschold, 
Lov^n, Wachsmuth & Springer) that pores occur on the suture- 
lines between the plates composing the anal tube of many 
Inadunata. In the cases to which the last-named authors now 
restrict the statement, the tube-plates have strong axial folds, being 
no doubt connected along these by thicker ligament, innervated from 
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the axial cords (Fig. XLVIII.). The depressions between these folds 
are often deep, and it is in them that the pores are said to lie. It 
is supposed that such genera have no nuMireporite, and that the 
porea aerated the rectum or a blind extension thereof, for the 
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anus often opens low down on the anterior face of the tube. The 
statement has been definitely disproved for many forois hitherto 
said to have such pores. But Wachsrouth & Springer {1897, 
pi. vii., figs. 2ft, 5, 6, 9) support it by figures which, if correct and 




(art) of Saiiial ridge. (Alter Bsther, 18112.) x'lOdinm. 



correctly interpreted, prove it for some species up to the hilt— 
and much further. For they show pores not only on the sutures, 
but penetrating the plates ; not only in the interaxial depressions, 
but on the axial folds; not only in the tube, but in the dorsal 



cup. 



The last organ of which the modifications need be considered 
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is the Stem. The Bimplest form of columnal (after the fuBion of 
the pentaioereB) is circular, but with a tendency to pentagonal 
outline. The joint-surface is radiately striated. The lumen may 
be large and circular (Fig XLIX 1), or small, and circular or 
five-rayed (Fig XLIX 2 and 3) The assumption of a pentagonal 
outline H often accompanied by a restnction of the striation to 
the margin and the concentration 
of the longitudinal ligament-Jibres 
in five bands (Figs. XLIX. 4 and 
CXI 7 10) The joint -surfaces 
may become elliptical, with a 
fulcial ndge in the long diameter 
and ligamentar fossae on either 
side , in this case the long diameter 
of one end is set at an angle to 
that of the other end, and the stem 
thus gets a corkscrew twist {e.g. 
Platycnmis, Iig XLIX. 5), and so 
can bend in any direction. In a 
Russian Carboniferous Platycrinoid 
the columnals are square in section, 
and the ridges form diagonals at 
right angles to one another. In 
Bourgueticrinidae, Baihycrinus, and 
Rhizocrinus this form of joint is 
y^^^ strongly marked, and the columnals 
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appears in some cases to be pro- 
duced by fusion of two at a syzygy. 
The stem of the larval Antedon 
(Fig. XLIX. 8, 9) has ossicles of the 
Boarguetkrinus type and is very flexible. In two genera of 
distinct origin — Herpdocrinus allied to Helerocrinui, and Campto- 
crinus allied to Dickocrinus — -the stem ia rolled up round the crown 
aa shown in Fig. LIX. ; the cirri are, over the greater part of the 
stem, confined to two rows along the sides of the ossicles and 
directed towards the axis of the coil. In Serpetocrinus the ossicles 
become hollowed towards the inside of the coil, and there is a 
fulcral ridge parallel to this side; strong (muscular t) ligaments 
were developed towards the outer margin. The stem could 
uncoil and the crown be projected. The structure of the 
columnals in Camptocnnus has not been described, but is said to 
be similar. Wachsmuth & Springer say that such stems are 
also found among allies of Poteriocriims. 

The axial canal, which in recent crinoids serves to transmit the 
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vaecular and nervoue prolongations of the chambered organ and 
axial organ to columnala and cirrale, may in some earlier forms 
have served other purposes. The lumen is sometimes extra- 
ordinarily wide (40 mm. in the root of Bar^crinus, Fig. XVI. 3). 
Pores sometimes appear to exist between or through the colum- 
nala (e.g. Barycrinus, CTOlalocrimis, Fig. L., Traumatocrinus). The 
distal ends of the cirri sometimes appear to have been open, so 
that the large axial canal communicated with the sea -water 
(e.g. Batycrinas, Eucalyptocrinus, Cf/stocrinus, Fig. L. 2). The flat 
under surface of encrusting roots is often ridged, as though 
grooves put the axial canal in connection with the exterior (e.ff. 
lAdienocrinus, in which the upper surface is formed of poly- 
gonal plates, supported beneath by numerous radiating lamellae). 
These bases of attachment are, say Miller & Gurley, "as full of 
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pores as sponges." On the theory here adopted as to the origin 
of the stem, a greater extension of the viscera into it in early 
forms is probable ; the chambered organ itself may have been 
placed some way down it (compare evolution of siphuncle from 
visceral cone in Cephalopoda). Assuming that the soft structures 
contained in the stem -lumen needed aeration, Wachsmuth & 
Springer have supposed that streams of sea -water entered 
by these pores. This suggestion seems no more happy than 
Miller & Gurley's idea that "the mucous or fluid substance, 
that contained the material for the base, passed through the 
columnar canal into the pores of the base and was deposited in 
a softer state than it afterward assumed." We may, however, 
suppose that these passages served the double purpose of traos- 
mitting nutrient fluid to the mesoderm cells depositing the outer 
layers of stereom, as the stem and root grew wider by concentric 
accretion, and of aerating the same fluid by bringing it near the 
oxygenated sea-water. 
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In some genera, and especially, as Jaekel has suggested, in 
those exposed to rough water or currents, the stem shortened con- 
siderably while ite attachment was preserved {e.g. Eugeniacriuid&e, 
Fig.CXX., (7upr«s5ocnnu5). Colgtederma, Eudestcrtnus, and Cyathidium 
are fossil genera, Holopus (Fig. CXXI.), a recent genus, in all which 
the stem is reduced to a mere mass of stereom cementing the cup 
to some solid object. 

Although the Crinoidea are the Echinoderms in which tile 
Pelmatozoan habit has had most effect on the anatomy, yet they 
present a constant tendency to relinquish the attached mode of 
life and to lose that typical organ, the stem. So early as the 
Ordovician, stems are found that during tlie life of the animal 
were separated from the root, and became attached to other 
objects, either by the remaining cirri, or 
by winding around them. Often the 
dista) end of the stem formed a coiled 
support like a serpent's tail {e.g. Acantfw- 
criniM rftr, Jaekel, 1895). In some Silu- 
rian genera {e.g. Calceocrinus, Madigo- 
ermtis) stems have been described that 
were rounded off at the distal end during 
life. In Herpelocrinus the stem was rarely 
if ever attached by anything except ite 
cirri ; while in the species described by 
Hall ae Erachiocrinui nodosariiis, the stem 
ends distally in a bulb. In the Devonian 
MijrtUlocrinus the stem ended in a four- 
fluked grapnel ( = Ancyrocritms, Fig. LI,). 
Similar detachment took place in many 
Carboniferous and Meaozoic crinoide ; the 
recent Isocrinus ( ~ Penfacrinus) ia known 
to change its place, probably by swimming 
with its arms, and the lower surface of 
the distal columnal ia "amoothed and 
rounded" (Wyville Thomson, 1873). 
onpnei or JViUixrfntu (liter Addiction to this habit led to the 

""^ gradual ahortening of the stem; in 

MUUricrinus Pratti all stages have been described by P. H, 
Carpenter (1882), from a stem of seventy columnals over 50 
mm. long, down to a single ossicle, the proiimale (Fig. LII.), 
Continuance of this process led to the evolution, along many 
different linea, of crinoids that are generally described as un- 
Btalked, and for which older writers were wont to erect an order, 
Astylida. These fall into three groups : First, those in which a 
portion of the stem remains, becoming compressed and fused, with or 
without the infrabasals, into a cirrus-bearing compound ossicle, to 
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which the term " centro-dorsal " waa originally applied, and to which 
it must be restricted (t.g. Antedtm, Evdiocrinvs, Thaamatocrinus ; see 
Figs. CXVII.-CXIX,), These forms anchor themselves by their 
cirri, and though capable of crawling, climbing, and swimming, do 
not often exercise their faculty of locomotion. Secondly, the group 
in which either a portion of remaining stem, or the lower part of 
the cup {i.e. BB or IBB), becomes solidified, usually by additional 
deposition of stereom, into a knob, which, one may suppose, serves 
as ballast or as a sea-anchor ; such forms are Agassizocrinus (p. 181), 
EdriocTinas (Fig. CXIl.), and MiOeTicrinus Fratti (Fig. LII.). Both 
of these groups have a small calycal cavity with thick walls, and 
there can be little doubt but that all are attached by a stem in the 
earlier stages of ontogeny. The third group, comprising MaTSupUes 
(Fig. CrV.), Saccoroma (Fig. LXVIII.), and Umlacriniis(Fig. CIIL), 
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has no trace of a stem or of any anchoring structure, but is in all 
respects adapted for free locomotion ; the calyciil cavity is large in 
proportion to the thickncBS of the arms, and is enclosed by thin 
flexible J walls. Of^these three genera, Saccocojna is the most special- 
ised, and is supposed by Jaekel (1893) to have been pelagic, living 
in swarms. Uinlacrinus, with its extraordinarily long and movable 
arms, may also have been pelagic. The genera of this third group, 
although of origin as diverse as those in tbe other groups, resemble 
one another in the presence of a central, pentagonal, apical plate. 
This in Saccoamta may be the fused basals ; in Uintacrinus and Marsu- 
pUes it represents neither basals nor infrabasals, but may be the 
proximale, or the supposed distal columnar plate ("dorso-central"), 
or a new supplementary plate. It is safest to call it centrak. 

Another curious modification, perhaps connected with a free- 
floating existence, was presented by the root of ScypHocrinux. 
This swelled out into a hollow, chambered, balloon-like body, 
referred by Barrande to an independent class of Echinoderms under 
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the name Lobolithus, and described by Hall as a float, which he 
called Camarocrinus. 

As regards the internal organs of the crinoid not much can be 
said. The most remarkable modifications are those affecting the 
Gut. In most recent crinoids this makes a simple dextral coil 
around the thecal cavity, from central mouth to eccentric anus. 
The mouth may be slightly shifted anteriorly by increase in size 
of the anus, or by the anal tube coming to occupy the centre of 
the tegmen, as in Batocrinus, or even to pass beyond it towards 
the anterior margin, as in Siphonocrinus (p. 199). But the mouth 
remains in the axis of the coil, and such forms are called " endo- 
cyclic." In Adinometra (p. 196) the gut winds in the same way, 
but instead of issuing immediately the first coil is completed, 
it continues to coil, not however around the axis of the 
mouth but around the axis of the anus. The mouth, with its 
annular accompaniments, therefore lies between the outer coil and 
the next one, and not in the axis of the coil ; such a form is called 
"exocyclic." This type of coiling does not correspond to the 
two coils of the echinoid gut, since those are formed by a loop 
returning on itself, in the way that any tube or cord fixed at the 
extremities is necessarily lengthened. The coil of the gut in 
Adinometra is therefore doubly peculiar. Yet in the number of 
its coils it finds a parallel among the Camerata. In many of these 
(e.g, Tdeiocrinus, Cadocrinus, Batocrinus, Strotocrinus, MacrocrinuSy 
Eutrochocrinus, Habrocrinus, and Dimerocrinus) the gut seems to 
have been supported by a loose, spicular calcification of the 
connective tissue around the axial sinus, forming a "convoluted 
organ " not unlike the shell of Bulla (Fig. XLIV. 3). Probably the 
oesophagus passed down the hollow axis, then the gut coiled 
dextrally in a widening spire, and the rectum passed up outside, 
often along a thickened rim. The number of coils was at least three 
in a Batocrinus figured by Wachsmuth and Springer (1897, pi. v. 
fig. 6). It is remarkable that two of their figures (ib. figs. 5 
and 7), if correctly described, show a sinistral coil. There is no 
reason to suppose that the coil of the gut was ever other than 
dextral in any class or order of Echinoderma, though Jaekel 
(1897) has made an unconvincing attempt to prove that it was 
sinistral in Camerata, Cystidea, and Blastoidea. 

In BathycrinuSf Rhizocrinus, and the larval Antedorif the mid-gut, 
at the bottom of the thecal cavity, is widened into a stomach. 
In Baihycrinus and Ehizocrinus are also interradial diverticula from 
the outer side of the coil, supported by processes from the brachials 
(Fig. LIII.). Such diverticula were present in the Silurian Hahro- 
criims, if the evidence of the convoluted organ and of Angelin 
(1878, pi. xxvi. f. 12) can be relied on. In Pentacrinus and 
Antedonidae, and to a less extent in Baihycrinus, the gut-wall on 



THE CRINOIDEA 137 

the inner side of the coil is thrown into folds or villi (Fig. LIV.). 
In JctinomelTa, howaTer, with its long coil, such plication is slight. 
Sacculi (Fig LV ) are structures confined to th's class They 
are globular sacs Burrounded bv mesode m but ly ng close beneath 
the ep thel um usually of the external surface The lo ver wall 
of each sacculua s clothed w th rather large nucleated cells, 
apparently der ved from mesodenn an 1 f oci these grow up 
proceBses filled w th refr ngent granules of album no d substance. 
Each process elongates a d becomes a tached to the upper {i.e. 
outer) wail of the sacculus by a fihment The granular portion 
of the cell may then separate from the nucleated base and finally 
may burst sett ng free the granules These granules colourless 
in life, are stamed on death bj the vellow p gment of the peri- 
some and show strong affi tj for most sta n ng reagents The 




the Ixntt mxclel oDhcM nils tn 
seen below Id the lining epl- 

{ After CuJnot.) X SOOiLiani. 

sacculi occur chiefly at the edges of the food-giouves ; and the 
side-plates, when highly developed, are notched for their reception 
(as seen in Fig. IX. 2). They have also been observed in the 
walls of the gut, in the mesenteries, and above the chambered 
organ. They are developed so soon as the larva begins to feed. 
Sacculi have been regarded as calcigenous glands (Wyville Thomson), 
mucous glands (Bury), excretory organs (Ludwig), symbiotic algae, 
" Zoozanthellae " (Vogt & Jung), and accumulations of reserve 
material (Walther, and especially Cu6not, 1891). Since the com- 
prehensive account by the last-named, little has been written on 
the subject, and his view has found general favour. Sacculi occur 
in Antedon, Promaehocrinvs, Eudiocnnus, Alelemnas, Hhizocnnvs, 
Bathycrimii, and Featacrinus ; they are certainly absent from Actino- 
metra, and probably from all other recent genera. This fact renders 
their occurrence of taxonomic value. 
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The Classification of the Crinoidea. 

When the modifications above described have been grasped, when it 
is remembered that these are only the more usual among the changes 
that take place, and that there are others even more remarkable, and 
when it is learned that most of these may afifect members of any group 
at any period, then it will be understood that the decipherment of the 
few and fragmentary leaves of crinoid history that have been preserved 
to us has been a limg and difficult task, full of vain attempt and 
rejected theory, and that classification after classification has been raised 
but to fall ; and still the leading writers cannot agree, even provisionally. 

An admirable account of the literature on this class, from Agricola, 
in 1558, to C. F. Roemer, in 1853, was given by de Koninck and Lt* 
Hon (1854), and supplemented by W. B. Carpenter (1866). The 
nomenclature of genera and species dates, of course, from 1768, the year 
of publication of the tenth edition of Linnaeus's Systema Naturae; but 
neither Linnaeus nor his immediate successors were more happy in their 
dealings with this then little known group than more ancient authors. 
It was J. S. Miller of Dantzig and Bristol, who, in 1821, laid the 
foundation for a scientific knowledge and classification of the Crinoidea,^ 
as he was the first to name them. Accounts of the subsequent growth of 
knowledge and theory are so accessible in Zittel (1879, 1899X P. H. 
Carpenter (1884), and Wachsmuth and Springer (1897), that only the 
main stages need recalling, and that briefly. 

Miller's Crinoidea excludes unstalked genera ; the others known to 
him are divided into : — Articulata : ossicula forming the cup articula- 
ting, Apiocrimis, PentacriwaSy Encrimis. Semi- Articulata : plates of cup 
articulating imperfectly, PoteHocrinus. In articulata : plates adhering by 
sutures, lined by muscular integument, Cyathocrinu^y Adinocrinus, Rhodo- 
crinus, Plafycrintis, Coadunata : proximal ossicles of cup anchylo^d to 
proximal columnal, Eugeniacrin^LS. The principles of classification here 
adopted profoundly influenced subsequent attempts, while the genera 
form the types of modern families. 

Joh. Miiller (1843) meant by ** Crinoidea" all Pelmatozoa, dis- 
tinguishing the crinoids proper as Crinoidea hratkiata. Among these 
he retained Miller's Articulata, adding to it the Antedonidae, and 
stating that the rays developed from the base of the cup, and merged 
into the free arms ; that the proximal plates of the rays were laterally 
united by an integument continuous with that of the ventral surface ; 
that the radial and first primibrach, the primaxil and first secundi- 
brach, were joined by muscles, but the first and second primibrachs by 
muscles or syzygy; and that food -grooves, mouth, and anus were 
visible on the tegmen. The peculiar genus SaccocomUy unknown 
to Miller, was made the type of the Costata : stemless, without centro- 
dorsal, and with processes from the brachials (pinnulae oppositaey Miiller). 
Haplocrinus me^pilifarmis was separated under the head Testacea : cup 
and tegmen forming a firm, connected test, with five ambulacra running 
up to the mouth. Holop^is was regarded as an entirely independent and 
peculiar division of the Crinoidea (sensu kUo), on account of its sessile cup 
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and the supposed absence of an anus ; but no group name was proposed. 
All other crinoids then known were placed in the Tesskllata, which 
included the unstalked Marsupites; their cup was said to be composed 
entirely of plates, to which names were given (BB, RR, Ax, etc.), and 
their tegmen was said to be solid, with only one opening, and with no 
food-grooves. This classification, while retaining as a guide the mode of 
union of the plates, took also into consideration the structure of the tegmen. 

Zittel (1879) divided the Crinoidea brachiata, Eucrinoidea, as he 
called them, into three sub-orders, on the basis of Miiller's classification, 
but merging Holopus and the Testacea in the Articulata. Tesselata : 
cup-plates thin, immovably united by simple suture ; tegmen solidly 
plated ; mouth subtegminal ; Marswpitts, Uintacrinu^, and all Palaeozoic 
crinoids. Articulata : cup-plates usually very thick, united by articu- 
lating or plane sutures ; tegmen integumentary, rarely plated, with open 
food-grooves and central mouth ; all Neozoic forms, except those here 
mentioned under other sub-orders. Costata : Saccocoma (see under 
Miiller). By this time several families had been founded, notably by 
C. F. Roemer (1855) and Angelin (1878). These were added to by 
Zittel, and those of the Tesselata arranged in groups, chiefly according 
to the construction of the tegmen. Most of the families were well 
founded, but the characters of the Tesselata and Articulata, though 
applicable to a few genera, were not really capable of extension to all the 
forms that had become known since the time of Miiller. 

Wachsmuth's establishment of the Palaeocrinoidea in 1877, "to 
include those forms in which the disc is roofed by a second integument, 
which he supposed to exist in all Palaeozoic crinoids" (W. & Sp.), 
has already been noticed. The order covered nearly the same ground 
as the Tessellata, and opposed to it was the order Stomatocrinoidea 
or Neocrinoidea, corresponding roughly to the Articulata. CJarpenter 
& Etheridge (1881) accepted the division, .but laid jnore stress on the 
asymmetry of the posterior interradius in Palaeocrinoidea, and therefore 
suggested Irregularia and Reoularia. 

Wachsmuth & Springer (1885) divided their Palaeocrinoidea into 
three sub-orders, originally suggested by Wachsmuth's study of the tegmen. 
Camerata : tegmen rigid, formed of rather large thick plates ; brachia 
in part rigidly incorporated in cup by means of interbrachials ; Reteo- 
crinidae, Rhodocrinidae, Thysanocrinidae, Glyptasteridae, Melocrinidae, 
Actinocrinidae, Platycrinidae, Hexacrinidae, Eucalyptocrinidae, Barrandeo- 
crinidae, and Acrocrinidae. Articulata : tegmen flexible, formed of 
minute plates ; brachia may or may not be partly incorporated in cup, 
but not rigidly ; Ichthyocrinidae, Crotalocrinidae.^ Inadunata : brachia 
not incorporated in cup. These were divided into Larviformia : 
tegmen of few plates; "disc" covered by "vault"; Haplocrinidae. 
Cupressocrinidae, Gasterocomidae,^ Stephanocrinidae ; and Fistulata : 
"disc "not entirely covered by "vault," but passes out as a porous 
" ventral sac " ; Hybocrinidae, Heterocrinidae, Anomalocrinidae, Belemno- 
crinidae, Cyathocrinidae, Calceocrinidae, Catillocrinidae, Poteriocrinidae, 
Encrinidae, Astylocrinidae. 

^ Removed to Camerata in 1888. ^ Removed to Fistulata in 1890. 
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It must always have been obvious that the Neocrinoidea were a 
polyphyletic group derived from the Palaeocrinoidea ; the difficulty has 
been to trace the relationship. This task, however, was forced upon us 
when those orders were finally rejected. Since that rejection did not 
carry with it the overthrow of Wachsmuth and Springer's sub-orders, the 
practical result was the raising of them to the rank of orders, in which 
Neozoic crinoids had to be appropriately placed. 

P. H. Carpenter (1889) referred all Neozoic crinoids to the Articu- 
lata (W. and Sp.) as a sub-order, Pinnata, w^ith pinnules ; while the 
Ichthyocrinidae constituted a sub-order, Impinnata, without pinnules. 
This had the advantage of making Articulata, W. & Sp., very nearly 
the same as Articulata, Miiller. But there is reason to believe that 
the Pentacrinidae are descended directly from the dicyclic Inadunata ; 
and since Pentacrinus {i.e, hocrinus) was Miiller's type, one can hardly 
escape confusion in using the term Articulata for a group that 
excludes the Pentacrinidae. Flexibilia, Zittel (1895), is superior 
and prior to Wachsmuth & Springer's proposed substitute Articulosa 
(1897), which, moreover, was used in a different sense by Jaekel (1894). 

One reason for the above reference of the Pentacrinidae is the 
discovery by Wachsmuth & Springer (1897) that in the Flexibilia the 
top columnal is not the latest formed, but a persistent proximale, usually 
fused with the infrabasals ; whereas in Pentacrinidae, as in Camerata and 
Inadunata, the top columnal is merely the latest formed, and continually 
moves from its proximal position as new columnals develop. This, along 
with the other characters, seems to confirm the independent nature of the 
order Flexibilia ; at the same time, the resemblance of early genera 
to contemporaneous Inadunata is so striking, that one must suppose the 
Flexibilia Impinnata to be derived from non-pinnulate dicyclic Inadunata. 
Then the want of links between Impinnata and Pinnata suggests that 
the process may have been repeated, and that Pinnata were derived 
from Triassic pinnulate Inadunata (Fistulata, W. & Sp.). Whether the 
mode of stem-growth indicates affinity or parallel modification is a point 
that demands investigation. 

The Larviformia of Wachsmuth & Springer are generally accepted as 
the most primitive Crinoidea, and as representing the ancestral type of 
all the orders. On this ground the group might be retained, not 
as a sub-order of Inadunata, but as an Urgruppe^ or an independent 
order (Zittel, 1895). But their geological age forbids us to regard the 
known genera and species as themselves ancestral to far older forms. If 
then they be placed with other Inadunata, the question arises whether 
the distinction of the dicyclic and monocyclic base is not more funda- 
mental than the varying development of the tegmen. A complex tegmen 
is a development from a simple one, but between dicyclic and monocyclic 
the barrier runs back to archaean ignorance (Bather, 1893). 

The Camerata, like the Flexibilia, form an order fairly well defined 
on a morphological basis. But here too there are grounds for suggesting 
that the modifications may have occurred more than once. The evolution 
of pinnules, of biserial arms, of fixed brachials, interbrachials, and the 
like, even of a solid tegmen, may all be traced among Inadunata (e,g. 



THE CRINOIDEA 141 



BotryocrinuSy EncrintLs, Uintacrinus, CrotalocrinuSf Cyathocrinus). The 
Reteocrinidae (W. & Sp.) present us with the Articulate or Flexible stage 
of the Camerata, and include both Dicyclica and Monocyclica. It is 
reasonable to suppose that the monocyclic Melocrinidae, Calyptocrinidae, 
Batocrinidae, and Actinocrinidae were derived from monocyclic ancestors, 
whether Reteocrinidae or others, and that the dicyclic Thysanocrinidae 
and Rhodocrinidae were derived from dicyclic Reteocrinidae and similar 
forms. On the other hand, the Platycrinidae, and their descendants, 
Hexacrinidae and Acrocrinidae, are closer to the Inadunata, and sprang 
probably from monocyclic genera, independently and at a later period. 
The Crotalocrinidae, which Wachsmuth and Springei* now place in the 
Camerata, are at any rate of totally different origin from all other Camerata, 
and are intimately allied to Cyathocrinus and Gissocrinus among the 
dicyclic Inadunata. 

Previous authors have attempted to make their classification serve as 
a key to structure rather than as an epitome of descent. And the above 
considerations suggest that Wachsmuth & Springer's system, though far 
the best from an anatomical standpoint, is not the phylogenetic classifica- 
tion sought by the modern biologist. 

A bold attempt at a phylogenetic classification is shortly to be brought 
out by Jaekel. From his preliminary notice (1894) and subsequent 
writings it appears that he separates the Camerata (W. & Sp.), under the 
name Cladoidea, from the rest, to which he restricts the name Crinoidka. 
The Crinoidea have radials, five arms with brachials, and ramuli (Jaekel, 
supra)j and anal plates connected with right posterior radial ; their origin 
is from such a simple type as has been described above. The Cladoidea 
originated independently from a many-plated cystid, in which numerous 
arms produced as many rows of supporting plates (costalia) in the cup, not 
homologous with radials and brachials ; the free costalia bear pinnulae 
(Jaekel, supra). The resemblances between Cladoidea and Crinoidea are 
admittedly great, but all to be explained comfortably by bomoplasy and con- 
vergence. The Crinoidea (Jaekel) are divided into : — Fistulata : the root- 
group, with primitive, simple calyx ; including the generally accepted genera, 
also PorocrinuSf Crotalocrinidae, and Marsupites, Larvata : essentially 
the same as Larviformia (W. & Sp.), but supposed to be derived from 
Fistulata, perhaps through Heterocrinidae. Costata : " arms give oflf 
undivided, alternating side-branches, serving in part for reception of 
gonads ; cup usually thin-walled and spacious, composed of a circlet of 
large RR and a tripartite or fused base. No anal plates or tube ; tegmen 
simple, of five 0, to which suboralia ^ may be added " ; Hybocrinidae, Hapa- 
locrinidae, Plicatocrinidae, Hyocrinidae, Saccocomidae, Rhizocrinidae (?). 
Articdlosa : the old Articulata, W. & Sp. 7ion Miiller ; Lecanocrinidae, 
Ichthyocrinidae, Taxocrinidae. Articulata, Miiller n&Ji W. & Sp. : 
derived from Fistulata not from Articulosa ; Encrinidae, Pentacrinidae, 
Apiocrinidae, Eugeniacrinidae, Antedonidae. JaekePs proposals are here 
alluded to in order that the student may understand the terms used in 
his forthcoming finely illustrated work. They are valuable as suggesting 
research for a large amount of confirmatory evidence. 

^ **IHe Oralia mil den RadicUien vcrbindenden PUUtchen.'* 
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The Olassiflcation here adopted keeps accepted terms so far as 
possible, but the distribution of the groups is very different from that 
hitherto accepted. Dividing all Crinoidea into Monocyolica and 
DiCTCLiCA, we trace in each order a gradual and to some extent parallel 
modification, here and there diverging in somewhat similar directions. 
Thus the simplest forms in each order are Inadunata, with free distinct 
arms, and pass from a Larviform stage, with simple tegmen, to a Fistulate 
stage, with more complex anal tube and tegmen. At an early period 
(? Cambrian) in the history of the Monocyclica, the Camerate modification, 
viz. rigid incorporation of brachials in cup and ambulacrals in tegmen, 
affected a few forms, and thus arose Monoctclioa Camerata. At a later 
period (Silurian) was a repetition of this modification, but one affecting the 
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cup to a far less extent, and resulting chiefly in a solid tegmen and biserial 
arms ; thus arase the Monocyclica Addnata (or Platycrinoidea), which 
even Wachsmuth and Springer find a difliculty in placing with the 
Camerata. These two highly specialised branches died out before the 
close of the Palaeozoic epoch, the Adunata outliving the Camerata ; but 
the simpler Inadunatc forms continued, and reached a high degree of 
specialisation in their Jurassic descendants, to which the living Hyocrinus 
is closely related. The Dicyclica Inadunata similarly gave off the 
DiCYCLiCA Camkrata, which persisted only a little less long than their 
monocyclic convergents. The dicyclic CroUdocrinidae of the Silurian 
are curiously parallel to the Monocyclica Adunata, but it is not worth 
while to separate them from the typical Inadunata. About the same time 
arose among the Dicyclic Inadunata the modification that resulted in 
the Flexibilia, with brachials loosely incorporated in dorsal cup. The 
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Dicyclic Inadunata came to their acme in Carboniferous times, and only 
those forms persisted to Neozoic and Recent periods which assumed an 
Articulate modification, viz. a loose lateral union of proximal brachials, 
as seen in Pentacrinidae, which are convergents of the Neozoic Flexibilia. 
The latter sub -order was represented during Palaeozoic times by the 
Ichthyocrinoidea (Inipinnata) ; between them and the Neozoic Apio- 
crinidae, Bourgueticrinidae, etc. (Pinnata), the links are missing, but may 
yet be found among Permian and Triassic crinoids (cf. p. 140). At any 
rate, the Neozoic Flexibilia, when they assumed the free-swimming habit, 
took a new lease of life and have their acme in our own dav. 

The systematic account of the Crinoidea may be prefaced by a table 
of the tenns and symbols employed in technical description, as explained 
for the most part in the preceding pages. 
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We now proceed to review the sub-classes, orders, and families 
of Crinoidea. 

Sub-Class 1. MoNOCYCUCA, Bather (1899). 

Crinoidea in which the base consists of BB only, the aboral prolonga- 
tions of the chambered organ being interradial ; new columnals are 
introduced at the extreme proximal end of the stem. 

Ordeu 1. Monocyclica Inadunata 

( = Inadunata, W. & Sp. jpar^, emend.) 

Monocyclica in which the dorsal cup is confined to the patina and 
occasional intercalated anals ; such Amb or iAmb as enter the t^men 
remain supra-tegminal and not rigidly united. 

Thirty -one genera are here referred to this order. Of these, 20 
diverge from the normal symmetry to a greater extent than by the intro- 
duction of anals, viz. 10 through the horizontal bisection of certain RR, 
other than r. post. R, usually r. and 1. ant. RR, while the remaining RR 
often increase in width ; 8 through such increase in width of certain RR 
(usually 1. post R and ant. R), often accompanied by variation in the 
number of arms directly springing from RR ; 1 by disappearance of a 
radial (an occurrence also found in some of the other genera), and apparent 
increase in number of arms springing from RR (as in some other genera). 
Only 2 of the genera have regularly pinnulate aims, and in 15 the arms 
are unbranched. In 14, are not separated from one another or from 
RR ; 1 1 at least have no anal tube, while in 6 of those the anus if it 
existed must have pierced post 0. In the rest the anal tube was always 
supported by a well-defined median ridge of plates, simulating Br. In 
Dicyclica Inadunata such characters as these are confined to very few 
forms, and those the oldest. Therefore, as well as on anatomical grounds, 
we infer that the prevalence of these characters denotes a primitive order. 

There is considerable parallelism of development between early In- 
adunate forms of Dicyclica and Monocyclica ; nevertheless, most of the 
Monocyclic genera fall into clearly marked groups, with which no Dicyclica 
can be confused. The Hybocrinidae and Stephaiiocrinus are here taken 
first, because of their simple structure and resemblance to Eublastoidea. 
At a very early period the Heterocrinid type must have arisen, through 
horizontal bisection of RR {antea, p. 112) and branching of arms. locrtnus 
and AnamalocriniLS may be early offshoots from that line of descent ; 
Herpetocri7iu8 and the Calceocrinidae are other remarkably specialised off- 
shoots, the latter surviving to Carboniferous times. Starting afresh from 
the Hybocrinidae, the exaggeration of size in certain RR became more 
pronounced in the Pisocrinidae, which, by addition of supplementary 
radials and arms, lead up through Calycanthocrinus and Mycocrinus to 
CatillocriniLSy a type presenting a strange convergence to HcUynocrinus. 
ZophocririuSf AllagecrinuSy and certainly Haplocrinus appear to be aberrant 
from this line of descent. The more regular Symbathocrinidae, with 
their simple arms, represent either the direct descendants of the Hybo- 
crinidae or a return from the Pisocrinidae to a more normal structure. 
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The Carboniferous Belemnocrinus simulates many Dicyclica in the com- 
plexity of its anal tube, but in arm-structure may be regarded as inter- 
mediate between the Heterocrinidae and certain Neozoic Monocyclica. 
Of these latter, the first to appear are the Plicatocrinidae, and from them 
spring the Jurassic Saccocoma and the Recent Hyocrinus, 

Family 1. Hybocrinidae. Monocyclica Inadunata, in which RR diflfer 
but slightly in size and shape, except r. post R, which supports on its 
left shoulder the proximal plate (x) of the rudimentary anal tube, when 
present, while its right shoulder is separated by a slanting suture from 
the lower part of the plate and bears an arm. BB, 5. Arms, 3-5, 
unbranched, uniserial, non-pinnulate, less wide than RR. 0, so far as 
known, large, with traces of hydrospires, not separated from RR by 
supplementary plates ; post O cut into by anus and pierced by hydropore. 
Amb rest on adjacent edges of 0. Genera — Hyboqfstis, Wetherby (1880, 
see p. 95, Fig. I.) ; Hyboa^muSy Billings (1857,-59; syn. Indianocrinus, 
MilL & Gurl.), Ordovician and Silurian, N. America (Figs. LVII. 3, VI. 
and XXXVI.) ; Hoplocrmm, Grewingk (1867), Ordovician, Russia, includes 
Baerocrinus (Fig. LVII. 1, 2, 4). For chief literature see W. & Sp. (91). 
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Fio. LVII. 

Hybocrinidae. I, Hoplocrimis dipenUus (type) ; 2, Hoplocrinus dipentas (var.) ; 3, Uijbocrimi$ 
tHvaidiM : 4, **Ikurocnnu9" Ungerni. 

Family 2. Stephanocrinidae. Monocyclica Inadunata, with 5 equal RR, 
each bearing an arm in a deep radial sinus. BB, 3, the unfused B being 
usually r. ant as in Blastoidea. Arms branched. large, with traces of 
hydrospires (?) at their junction with RR ; anus at junction of post. with 
RR, with minute valvular covering. Amb, often fused, rest on adjacent 
edges of 0, and 5 large ones, often fused, cover the peristome. Genus — 
StephanocrinuSy Conrad (1842, see p. 96, Fig. II.), Silurian, N. America 
and Britain, and as ^^ Rhombifera mira" in Bohemia. The arms are 
said to branch, but no two observers agree as to the mode of branching, 
and in fact it seems to differ in the various ambulacra of the few 
specimens that preserve the arms (R. P. Whitfield in litt.). 

Family 3. Heterocrinidae. Monocyclica Inadunata, with z usually 
resting on left shoulder of r. post. R^, and partly on right shoulder of 
L post R, but sometimes sunk between the two, and always supporting a 
long anal tube. BB, 5. Arms, 5, with proximal Br usually full width of 
RR ; isotomous or heterotomous, or bifurcate with armlets ; non-pinnu- 
late. 5 0, without perisomic plates, have been observed in Hderocrinus 
Kderodactylns juveniSy but the relations of Amb to tegmen are unknown. 
Qenera — locrinusy Hall (1866), Ordovician, N. America (Figs. XXVI. 1 ; 
XXVIII. ; and LVIII. 1) ; primitive in its isotomous arms, and RR similar 
in shape and undivided, except r. post R, from which an upper portion, 
in shape like an axillare, is separated by a horizontal suture, and bears an 
arm on its r. shoulder, and on its 1. shoulder a line of ossicles supporting 

10 
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ail anal tube. Therefore for this line of descent, such a position of the 
median dorsal rib of the anal tube is considered primitive (among Dicyclica 
a similar stage is presented by Merocrinus), Anal tube somewhat com- 
plicated. Stem markedly pentagonal, with 6 interradial sutures. Hetero- 
a-inus, Hall (1843, em. S. A. Miller, 1889, syn. Sieiiocrintu, W. & Sp.); 
Ectenocrinus, Miller (1889) ; arid Ohiocrinusy W. & Sp. (1886), are best 
known from Ordovician, N. America, but certainly had representatives 
in Europe, where also they were preceded in Cambrian seas by " Dendro- 
crinv^ camhriermsy^ Hicks (1873), which seems allied to locrinus. They 
agree in the transverse bisection of r. and 1. ant. RK, in addition to 
r. post. R (exceptionally L ant. R is simple, and ant. R may be compound in 
its stead) ; in the partial entry of the proximal plate of the anal tube into 
the cup, since it now rests partly on 1. post. R, though more intimately 
connected with r. post. R« (Fig. XXVII.) ; in the departure from isotomy 
in the direction of two rami with armlets. In Uierocrinus^ Ohiocrinus^ 








Q£> 



<:2> cTo^^rS^-^i^ 



Fio. LVIII. 

Heterocriiiidai'. 1, locrinus: 2, HcUrocrinus hcUrvUlensU : 8, Ectcnoorinus; 4, Anvmolo- 
crintu. 

and locrinus the stem is pentagonal and quinquepartite ; in Ectenocrinus 
almost circular and tripartite. The anal tube is straight and narrow 
in Heierocrinus and Ectenocrinus^ spirally coiled in Ohiocrinus (cf. 
BotryocrintLS, Streptocrinus), Edeiwcrinus has almost reached a pinnulate 
stage of arm -branching, since the Br form syzygial pairs. Ancmalo- 
rrinus, Meek & Worthen (1885 ; syn. Ataxocrinns, Lyon), Ordovician, N. 
America, differs from the last three genera : (1) in greater irregularity of 
RR, L post. R being larger than the others and often bisected vertically 
(1. ant R or ant. R, as well as r. post R, are horizontally bisected as usual) ; (2) 
in its peculiar arm-branching (Fig. LVIII. 4). Herpctocrinus^ Salter (1873 ; 
synn. OphiocrimiSy Charlesworth ; Myelodadylus, Ang. and [?] Hall ; [t] 
BrachiocrinuSy HalL Fully described. Bather, 1893), Silurian, Europe, 
and probably N. America. Crown bent, in the transversal plane, back 
on the stem, which is then coiled around it in the opposite direction 
(Fig. LIX.). The coil could be tight, or could be uncoiled and the crown 
exposed ; the movement was effected by an elastic ligament towards the 
inner margin of the columnals, counteracted by strong muscles towards 
the outer margin, the fulcrum being a transverse ridge. Columnals show 
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tneea of Driginal penUmerisni, but over the greater part of tbe stem are 
creaeentic io section, the concavity being on the inner margin. Cirri, 
borne on the horns of the crescent, vary in their arrangement in different 
specie& No root in adult One lay missing ; other RR all compound, 
except I poat R somelimes ; x lower than in other Heterocrinidae, partly 
reata on r. post Bi (the radianal, RA). The tube ontwardlj resembles a 
series of Br and covering -plates. Arms alightlj heterotomous. The 




Httfttoemua FUlekcrt n U nitun co«dpoiiton cmwch 

laXoe b«*n removed. C, cirri ; S, longitudfnBl rniture o( Htfm ; (, «iul till 

nmarkable resemblance of the coiled cirriferous etem t 
canalicaUte arm has misled most writers ; for the c 



I a pinnulate, 

rarely viaible 
Monocyclica Inadunata, with 
lidae, the 1. ant, r. ant, and 
B branching primitively on the 
ith the following modifications 
: — the r. post. IR lies alongside 
; the 1. ant. R liea away from the stem ; the plane thus marked 
B of 8 gradually increasing bilateral symmetry ; r. post, arm always 



(vide p. 134). Fauilt 4. Calci 
the eaaential characters of typical Hi 
t, pool. BR being compound, and thi 
plan of Hettrocriwu heterodaelylut ; I: 
induced by the bending down of the c 
the 
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absent, its place being occupied by anal tube ; the tube encroaches on 
r. ant. arm, so that this too disappears ; r. post. R« and r. ant. B« fuse 
to form a T-shaped piece supporting anal tube ; the T-piece atrophies, 
and the tube then rests on the corresponding inferradials ; the simple RR 
(I. post, and ant) increase in size, forming the sides of the cup and bend- 
ing round on the adcolumnal side where the anal tube is, as well as on 
the acolumnal side, where they eventually meet between the two halves 
of 1. ant R ; the arm borne by 1. ant R may fork once, but usually 



a. R 



' r. a. Ri 




lAx 



VAX 



1 • n.. Fio« LX. 

'.a. ar « o 

CoZceotTtMiia ftioaui^, fh)m the anterior side. 

liy the base, hinged to left anterior radial, 

which Ih out of sight, and flexibly Jointed to 

r.a.iJi, right anterior inferradial ; the sui)er- 

radialH of this and of the corresponding radial 

on the other side are hidden by the series of 

main-axils, lAx to VAx^ which supiwrt the 

branches of the two large side - arms ; the 

visible side-ann, o.£r, is the anterior, and 

springs fh)m a./{, anterior radial ; its diminished 

branches are seen at y and fi, its enlarged 

branches at r ; the single arm along the npi)er 

side is the left anterior (^ a, ZJr). (Alter Bather, 

1898.) Natural size. 

remains simple, owing to the extraordinary development of the arms 
borne by the two lai^ RR on either side of it ; the adcolumnal ramus 
of each of those arms is reduced to a series of 3-8 axillaries (main-axils) 
which lie side by side, curving round towards the anal tube ; each main- 
axil gives oflf a branch which itself bears armlets, which in turn may 
assume the regular nature of pinnules, and are rarely visible on the 
exterior of the folded arms ; the acolumnal ramus dwindles in size and 
becomes hidden by the other branches ; r. post B atrophies, 1. post, and 
1. ant. BB fuse, and the three plates thus left form a triangular base, 
which is regularly hinged to the 1. ant Ri, so that the crown could move 
up and down in the sagittal plane of its bilateral symmetry ; on the other 
hand, the columnals have each a slight curvature in this plane, and this 





Fig. LXI. 

Diagrams illustrating the structure of the posterior area in 1, Ccutocriims ; 2, Euchirocrinua ; 
8, Calceocrinui : 4, Haiysiocrinug. 

kept the stem itself rigid. The various stages in the evolution are 
marked by 4 genera (Fig. LXI.) : Castocrinus, Ringueb. (1889), Ordovician, 
N. America; Euckirocrinus^ Meek & Worth. (1873 ; synn. Cheirocrinus, 
Hall non Eichw. ; CremacrimiSy Ulr. ; Proclivocrinus, Ringueb.), Ordovician 
and Silurian, N. America; CaUeocrinus, Hall (1852, em. Ringueb., 1889 ; 
synn. Cheirocrinus, Salter, nom, nud. ; Pendulocrinm, Austin, MS. ; 1 Dclt^Xr 
crinus, Ulr.), Silurian and Devonian, N America and Europe ; Halysio- 
crtnusy Ulrich (1886, em. Bather, 1893), Carboniferous, N. America. For 
history and morphology see Bather (1893). 
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Family 5. Fisogrinidae. Monocyclica Inadunata with 1. post. R 
and ant R much larger than the other RR ; r. post. R is the only 
compound R transversely bisected, and its lower half separates r. post. R«, 
and r. ant R from £B, and forms with the two large RR the greater part 
of the dorsal cup. Arms unbranched and non-pinnulate. An aual tube 
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1. Pisoerintis. 



2. Triacrinus. 



3. CcUyeantho- 
crinit^. 



4. Mycocrinvs. 



5. Catillocrinus, 



Fig. LXII. 

PisocrinidAe and Gatillocrinidae. PR, paroradials ; f, anal tube plate = x ; R\ radianal 
^RA ; other letters as usual. In Mycocrinus the radianal and lower parts of RR are hidden 
and therefore represented by dotted lines. 

usually present, resting on post. RR or on their processes. Genera — Piso- 
crtnus, de Koninck (1858), Silurian, N.-W. Europe and N. America (Fig. 
LXII. 1 ; see also XVIII. 5), and Triacrintut, Miinster (1839, syn. Trtcho- 
erinus, J. Miiller, 1856), Devonian, Germany (Fig. LXII. 2), differ in that 
the former has 5 £B, the latter 3. But incipient fusion of BB is seen in 
P. oUtUa, and 5 BB occur in some Triacrinus, The anal tube closely 
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resembles an arm, and its presence was first notified in 1893. The relations 
of the cup-plates, till then misunderstood, were thus shown to be essentially 
the same as in the majority of Monocyclica, while the origin of CcdycanihO' 
crinusy Mycocrinus, and Gatillocrinus became clear. This was confirmed by 
Jaekel (1895). Pisocrinus was shown by Wachsmuth to have 5 O sur- 
rounding a peristomial space ; a groove passed along each interoral suture, 
and probably conveyed the food-grooves to the central opening. The 
rectum passed into the anal tube between post and adjacent RR. An 
anal tube is said by Jaekel to have been absent from the thinly plated 
species of Tricurinus in Devonian slates. CcUycanthocrinuSj Follmann 
(1887), Lower Devonian, Germany, shows a remarkable modification, 
in the introduction of small arm -bearing plates (** pararadials " PR), 
in the positions shown in Fig. LXII. 3. This may be compared with 
the vertical bisection of a radial in Arwmalocrinus or the addition 
of 5 '' interradial radials" in Promachocrinus ; but it is the first stage 
of a process continued in Catillocrinidae. It is hard to see how this 
process could have been inaugurated except as a discontinuous meristic 
variation (cf. Bateson, Materials for the Study of Variation^ chap. xvlL 
1894). Family 6. Catillocrinidae. Monocyclica Inadunata, in which 
L post. R and ant R are much larger than the other RR, and bear PR, 
usually fused to them ; no RA visible. Arms unbranched and non- 
pinnulate. Anal tube resembling arms, but stouter, rests on left process 
of r. post R Genera — Mycocrinus, L. Schultze (1866, W. & Sp., 1886 ; 
Jaekel, 1895), Middle Devonian, Germany (Fig. LXIL 4), differs from Caly- 
canthocrinus in the suppression of RA and the PR borne by it ; the still 
greater size of 1. post R and ant. R, which now bear 6-7 arms apiece, i.& 
15-17 arms to the whole crown. The 3 BB become fused, while the 
10-12 PR are usually fused with the large RR on which they rest. The 
increase in size of the large RR takes place chiefly in the upper part ; all 
the RR rest on the basal circlet, which forms a knob sharply separated 
from them. Catillocrinus, Shumard ex Troost (1860, syn. NeTnatocrinuSy 
Meek & Worthen ; see W. & Sp., 1886), Lower Carboniferous, N. 
America (Fig. LXII. 5). The cup has here resumed a shallow basin- 
shape, and differs from Mycocrinus in the complete fusion of BB and the 
still greater lateral extension of the 1. post R and ant R in their upper 
regions. Those large RR now bear 15-31 arms apiece, there being 
usually more on ant R than on 1. post R (cf. Calycanthocrinus). The PR 
are absolutely fused with RR, or were never developed at all. The basal 
circlet projects upward on 1. ant side, but is almost hidden by the stem on 
the other side. The arrangement and shapes of the plates curiously 
resemble those which obtain in HalysiocriniLSy while the arms may be com- 
pared to the branches that spring from the main-axils in that genus. A 
similar result has been attained by two lines of development, which, in 
their initial stages, were as different from one another and from the 
normal type as could well be. The relationship of these forms is a 
problem that would repay yet deeper study. Family 7. Zophocrinidab. 
Monocyclica Inadunata, with 3 BB, 2 equal and 1 larger ; 4 RR, 1 rather 
larger than the rest, and probably equals r. and 1. post fused ; 5 O form 
solid t^men, post being the largest, and r. and L ant the smallest 
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and, what ia rather nnusual, not meeting poiL in centre ; anus unknown ; 
6 groups of abort arms lie where the interoral sutures meet the RB, 
which is not in the middle of any RR except ant. R (see Fig. LXIIL 2) ; 
each arm-group appears to consist normally of 3 elements, 2 inner and 
1 outer, all springing equally from the calyx ; stem with amall axial canal. 
Qenns — ZopAoerintu, S. A. Miller (1891), Silurian, Indiana (Fig. LXIIL). 
TbecB pear-shaped ; Miller says there are 5 arm-plates in each group, and 




&3 J n iJaxJo. (^e^ 
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this may be so in some specimens ; these snu-plates may be compared 
witli the arms of Catillocrinidae, but whether they bore further Br is 
uncertain. The tetrameriam of this genua affects the cup only, and was pro- 
duced by fusion, not by atrophy as was probably the case in HeTpttocrima. 
Fauilt 8. Uaflocrtnidae. Monocyclica Inadunato, with 5 SB, S 
ItR,of which 1. ant, r. post., and r. ant are compound ; tegmen composed 
solely of 5 0, one being pierced by a pore {! anus + hydropore) ; 5 arms, 
nnbiKuched and non-pinnulate, the food-grooves supposed to be subteg- 
minal Genus — Haphcrima, Steininger (1837 ; Aplocrinta, d'Orh. ; see 
W. & Sp., 1886), DevonUn, Europe and N. America (Figs. XXXV. 
and LXIV.); resembles the typi- 
cal Heterocrinidae 
the Pisocriuidae i 
and Aliagecnnus in 
The pore in post 
cussed on p. 12fl. 
Allaoecrinidai:. 
Inaduuata, with 5 
simple, hut of unequal 
able size, the larger o 
bearing 2 arms, while some arms 
may occaaionally be absent or diminished in size ; legmen composed in 
the young of 5 0, one pierced by a pore (? anus + hydropore) ; 5 arms un- 
branched and non-pi nnulate, the food-grooves supposed to be subtegminal. 
Genus— j4 llagecrinue, Etheridge & Carpenter ( 1 88 1 , restricted by W. & Sp., 
1886), Lower Carboniferons, N. America, Upper Carboniferous, Scotland, 
resembles Haplocrimu in its tegmen, while the duplication of arms is 



I its t^men. 

was dis- 
Familt !). 

Monoeyclica 
BB, 6 RR all 
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reminiscent of Calycanthocrimis ; here, however, the RR are axillary, 
and PR not developed. Rowley (1895) has described calyces less than 
-5 mm. high. Family 10. Symbathocrinidae. Monocyclica Inadunata, 
with 5 simple RR, bearing 5 unbranched, non-pinnulate arms, which rest 
as a rule on broad articular facets projecting adorally in "muscle -plates," 
corresponding to the muscle-fossae. Genera — Phimocmnis (Low. and Mid. 
Devonian, Europe), Stylocrinus and Stortingocrinus (Mid. Devonian, Europe), 
Symhathocrinus, including Lageniocrimis^which is probably its young (Upper 
Devonian and Lower Carboniferous, Europe and N. America). Phimocrinug^ 
Schultze (1866), is primitive in having 5 BB, while all the rest have 3 ; 
the oldest species, P. Joubertij Oehlert, shows clear traces of horizontal 
suture in r. post, r. ant, and 1. ant RR, the usual compound RR of typical 
Heterocrinidae ; the proximal plate of the anal tube is placed as in those 
forms. The latter feature is also found in Stortingocrinus, Schultze (1866), 
which is notable for having the small unfused B in 1. post IR, and the 
angles of the columnar canal radial in position, though the genus is Mono- 
cyclic. Stylocrinus, Sandberger (1850), has no facet on RR for support 
of an anal tube, nor is the usual passage for the rectum seen in the cup- 




RR 



BB 



Fio. LXV. 
Dissection of ciii» of S ifnihathntrinuK The projections on the ItJl are muscle-plates. 

wall ; therefore one cannot orient the small B ; the anus probably pierced 
post. 0. Symhathocrinus, Phillips (1836), has small B in 1. ant IR, as in 
Platycrinidae ; the anal tube rests on the shoulder of r. post R ; 5 0, 
all small, post being the largest and separated from the muscle-plates 
of the adjacent RR by the passage of the rectum (Fig. LXV.). The family 
is not clearly defined, and its Middle Devonian members present remarkable, 
though superficial, resemblances to the contemporary Cupressocrinidae. 

Family 11. Belemnocrinida£. Monocyclica Inadunata, with 5 
BB, 5 simple RR, each supporting by a slightly excavate facet an arm 
which forks on IBr^ t,^ ^ ; each ramus, with numerous syzygies in the 
proximal i3ortion, bearing ramuli on alternate sides of most epizygals 
and of all ordinary distal brachials ; single narrow anal in radial circlet, 
resting on post. B, and supporting a large anal tube composed of alter- 
nating hexagonal plates, folded on their lateral margins. Genus — Belem- 
nocriniis, White (1862), Lower Carboniferous, N. America. Dorsal cup 
elongate, its plates solid, and thecal cavity a narrow canal below and 
shallow excavation above, thus resembling that of many Neozoic crinoids. 
B. typus has no cirri on the stem, which is circular in section ; B, florifer 
has a stellate stem of true Monocyclic type, with 3 or 4 cirri to each node. 
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Jtfunmnen'niu, S. A. Miller (1B91), Burlington group, if trulj Mono- 
cyclic, miut be placed near here. 

Family 12. Plicatocrinidac. Monocyclica InaJunato, with BB fuBeil 
ioto a knob-like support ; 4 or 8 (exceptionally 3, 5, 7, or 8) simple BR, 
enclosing wide thecal cavity, each supporting an arm, which forks on 
IBr, ; IIBr wedge- shsped, united by perforate articulation, not, so far as 
known, by syjygy, regularly pinnulate ; pinnulara tend to fuse. Tegmen 
unknown. ColumnalH cylindrical, with radialely striated joint^surface. 
For full account, and for the evidence oF the axial canals passing from RR 
into the fused basal circlet, so proving that it in no columnal, see Jaekel 
(1893). Genera — Piicalocn'riug, Miinster (1839), Upper Jura, Gennany 
(Fig. IjXVI.), thin RR enclose a wide and deep thecal cavity, facets from 
J to -J width of B, crescentic, without 
large muscle -plates ; proximal pinnules 
composed of 3 pinnulara, which in sac- 
ceedii^ pinnules are fused to a solid piece. 
r«fra<Ttniu, Miinster (1839), Upper Jura, 
France and Germany, has thick RR with 
strong muscle-fossae. The occasional oc- 
currence of 3, 8, 7, or 8 rays shows that 
the normal 4 and 6 arose from the more 
usual 5 as sports {i.A. discontinuous merts- 
tic variations). Familt 13. Hyocbinidag. 
Monocyclica Inadunata, with 3 thin B£, 
the smaller one in I. post. IB ; 5 RR, thin, 
broad, and spade-shaped, with a slight axial 
fold running straight up the middle from 
the subjacent B and ending in a narrow 
facet; 5 arms, bearing unbranched alter- fiu. I.XVL. 

uating ramuli, which may be modified in rli<nrwriRHi vrviai. rnnn sbnTid 
their proximal portions for reception of ""riw^c witii on- outstretthwi »n;' 

r Ti , 1- J - . .1 "iiiHijlFl*. (A^laptBcl from /iltcl, 

npe gonads; Br long, cylindrical, with issi, x i.) 
deep, narrow ventral groove ; below the 

first ramule, which is on the right of each arm, are 6 Br, with the 
joint between each pair a syzygy j between succesNive raniuli are 3 
Br, united by syzygies; proximal raniuli the longest, and the follow- 
ing ones proportionately shorter, so tliat they all terminate on the 
■ame level as the arm ends ; 6 triangular O, separated from RB by 
iAmb and Amb, cover the wide month and clrciimoral tentacles ; each O 
as a. rule pierced by a water-pore, and post. by 2 ; water-pores also 
pierce several iAmb, but not in post IR ; anal tube reduced to a small 
cone towards the left of the post, interambulacrum ; columnols cylindricid, 
slightly higher than wide, united by discs of llgament-libres, joint- 
surfaces hollowed and plain or indistinctly striate, with stellate axial 
canal ; no cirri ; root unknown. The sole living repreiientative of the 
order is the unique speuiea }hjo<-nmti bethetlianiis, W.-Thomson (1876, 
Fig. LXVir.), dredged by IT.M.S. Chdlenytr 30 mites W. of Crozet Is, 
in the Southern Ocean, while coluinnals are said to have been found 
in Mid-Atlantic just N. of the Equator; see P. H. Carpenter (1884). 
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Evidence for its truly Monocyclic nature 
absence of proof 



but i 



tbe 




Wftuting; 

le contRuy, it muBt be 
left in this, apparently natural, position. The 
stem is not unlike that of some Plicatocrinidae -, 
the branching and ayzygieg of the nuforked 
arms remind one of the structure tn tbe 
ann-rami of BdemnoaiivM and Soccoeonw ; the 
cup is not unlike that of Plieatocrintu Fnuui. 
The only specimen at all complete is a male, 
witli testes probably mature and swelling out 
in tbe proximal portions of the proximal 
ramuli ; in these regions each ramulac sup- 
ports 2 or 3 square side-plates on either side, 
and these support the covering-plates. The 
orals could probably open to expose the 
funnel - shaped gullet, which leads into a 
narrow gut with single dcitral coil ; glandular 
ridges line the gullet and first part of tike gut 
The intia-thecal connective tissue contains no 
spicules. Family 14. Saccocouidae. Moniv 
cyclica Inadunata, in which 5 RR and a 
minute centrale enclose a large spheroidal 
thecal cavity ; each Rhasa prominent median 
ridge ending in n narrow facet, which sup- 
ports a thin arm, forking on IBr^ ; beginning 
each ramus gives off from 
branched alternating raniuli 
Hyocrinua ; the rami and 
ramuli ate usually found rolled up in their 
distal portions ; Br cylindrical, elongate ; 
lax and the more proximal lIBr may bear 
lateral, paired, wing-like expansions, which 
in the more distal Br and (he ramulars are 
always represented by delicate trellised pro- 
cesses, with thicker upper and under mar- 
gins, which it is conjectured supported a 
continuous membrane ; no stem ; all skeletal 
elements very thin and coarsely reticulate. 
GenuB.^.'vtrcoroiiia, h. Agassii (1834 ; syn. 
EiiryaU, Kiinig), Solenbofen Lithographic 
Stone, Upper Jura (Fig. LXVIIL). Jaekel, 
who has udmirably elucidateil the structure 
and affinities of this wonderfully specialiscii 
crinoid (1893), con^^iders tlint the arm!< were 
swimming-oi'gaus, the food-giixive, ambulacra), 
and genital systems being atrophied at their 
distal ends, and that the animal was pclajpc, 
ns in the peaceful lagoons of Kichstadt and 



at about IIBrj^ 
every 3rd Br uu 

arranged 



THE CR/NOIDEA 




bnchJili fran Mt (inar Zittel, 



Order 2. Adnnata (Bather, 1S99). 

Monocyclica with dorsal cup primitively confined to the patina and 
&□ occaEional single anal ; tegmeii solid ; portions of the proximal Br 
and their Amb tend to be rigidly incorporated in the theca. Arma fork 
once to thrice, and bear pinnules on each or on every other Br. BB fused 
to 3, S, or 1, {Eudadocrintis and Acrocrinidae offer peculiar exceptions 
to thjs diagnoais.) 

The genera of thia order have been referred, in whole or part, to the 
CameiHta or their equivalents by most recent writers. But most of the 
Silurian genera here included ore admitted as close allies of Monocyclica 
■e derived from Inadunata ages after the 
Moreover, though the Devonian and 
; Silurian genera became modified after 
is scarcely one in which the modi&cation 
is so great as in the simplest Camerate. The order is divisible into two 
groups — A. with RR in contact all round the cup, and base consequently 
pentagonal in outline ; B. with RR separated by on anal plate in post. 
IR, and base consequently hexagonal in outline. The relations of 
these groups are not clear. B. may be derived from A. by sudden inter- 
calation of an anal, or A. and B. may have descended independently from 
Inadunata ; the abtence of B. from Silurian rocks renders the former 
hypothesis more probable. There is no difficulty in imagining the descent 
of early genera of A., such as Gordylocrinui and Guccocrinus, froui Hybo- 
crinidae in which the cup had become as symmetrical as in, say, Stephano- 
CTxnut while tlie arms had passed through regular dichotomy to a stage 
with ramuli, as in Edeaoeriims. The actual intermediate form is not yet 
known, but that it will be found among Ordovician crinoids is a 
Intimate inferencK 



Inadunata. If so, then they v 
typical Camerata had appeared. 
Carbonireroue descendants of thes 
the fashion of the Camerata, thcr 
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Grocp A. Fauilt 1. Plattcrinidae. No anal. BB3( = 2fiued 
paira and 1 unfused, this being usually the left, sometimes the right, 
antero-tateral) formiDg a penU^^n. Cordi/^omtiu*, Hapaloerinui, Cocat- 
criniu, and CyltcocriniM, which appear in the Silurian and coutinae to 
Devonian, are more primitive than the rest Mardpocrmut, though also 
Silurian, is considerablj more advanced, and ma; be regarded aa a 
first attempt at the typical Platycritmi structure ; it was apparently an 
unsuccessful attempt, since it left no descendants, although Wactuniuth 
& Springer and Jaekel seem to regard Platymnue as such. Plalyerirtus 
came in the Carboniferous, with its ofTslioot Eiicladocrinus, and, unless 
WB are to imagine a. reversal of the general trend of evolution, must be 
derived from a simpler form than Mardpocriniii. These facts are best 
presented by instituting 3 sub-families. Sdb-Fauilt 1. Coccocrinikak. 
Platycrinidae with IBr 2 (3 in Hapalocrinia Victoriiu) ; IIBr more than 
2 ; few Amb and LAmb in legmen ; (!) anal tube rarely preseut ; stem cir- 
cular in section ; lumen small and round. Genera — Ciieromnw*, J. Miiller 
(1855, syn, Amblturiniii, d'Orhigny pare, 1849), Silurian of America, 
Cevonian of Europe ; large, eymmetrical, almost covering the tegminal 
ambulacra ; iAmb 1 or 3 ; anus between and iAmb ; arms apparently 
delicate, fork once, distal portiona unknown. Cylieocmitu, J. Miiller 
(1855, as Calieoerinue ; Jaekel, 1895), Devonian, Germany (Fig. XL.), 
differs from Cocaxriniu chiefly in having heavy biserial arms. HapdUh 
cn'nus, Jaekel (1S95, em. Bather, 1897 ; includes .^jriocrtmu, ThaUccrijiun. 
and Clemaloerinus, Jaekel), Silurian of England, Australia, and (?) N. 
America, Devonian of Germany (Fig. LXIX.) ; small ; iAmb more than 
1 ; Amb visible between and iAmb ; 
arms fork once, sometimes twice, varying 
in this respect in the same species, or even 
individual ; llBr (and IllBr when pre- 
sent) uniserial, or slightly in zigz^ bear- 
ing alternately disposed pinnules, either 
on each or on every other Br ; cirri at 
the root, and often on nodals. Cordylo- 
criiiiw, Angelin (1878 ; W. & Sp., 1897 ; 
Bather, 1897), Silurian of Gotland and 
England, Lower Devonian of N. America ; 
differs from Hapalocrinus in having com- 
pound IIBr, each of which bears a pin- 
nule on each side. Son - Fauilt 2. 
Maksipocrinin'ae. Platycrinidae with 
one IBr ; IIBr, if not finiala, one or two ; 
many Amb and iAmb in tegmen ; no 
lyir """^ tube; stem circular in section; lumen 

„ , , " " ' , „ .. large and quinquelobate. Genus — Afor- 

WHpniorrlaiu rrilariitt. from Bnt. . " . n ..v /loon 

Mm. E5«13. r, fliTf: iBr, lulerbm. ttpocrmus. Bather (1889, nom. nov. pro 

'etwJi.iTnl.L™^'*.'*' ■'"'"''■ '^^ -Vargiipiocnnus, PhillipB, 1839, non de 

Blaioville, 1830 ; syn. Cypetlomnus vel 

Cupellaecrinut, Shumard, 1806, ei Troost MS., non Sleininger), Silurian, 

N.-W. Europe and N. America ; arrangement of cup-i>lates shown in Fig. 
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LXX., and of t^men in Fig. XXXII. ; rather email, pushed anteriorly, 
and asymmetrical; tefjminallAmband IIAmb dietiiictly visible ; armafork 
oaw or twice, BtoQt, biserial, with large pinnules ; no cirri on column. The 
large size of the cup is accompanied by developnient of ntroma- strands across 
the sutures. The large tegnten permitted a Gastropod (Ptalyceras) to attach 
itself above the anus and live on the excrement ; this is ecen in many of 
the larger Adunata and Oamerata and a few other crinoids (Keyee, 1888). 
Sub-Family 3. Plattcrininae. Platycrinidae with IBr 1 (rarely 2), IIBr 2 
(rarely 3) ; tegminal Amb and iAmb usually more than in Coccocrininae, 




Uorrfjuninw, from Brit. Mi 



fewer than in Maraipocrininae ; anal tube often present ; section of stem 
circnlarnearthecup.ellipticor rhomboid below, with fulcral ridge following 
long diameter ; lumen small and round. Genera — Plaiycrinitt, Miller 
(1821, W. & Sp, 1897 ; synn. CentnKTintu and f/ettrocriniM, Austin ; 
EivxiTdtocruMii, d'Orb.), Devonian (1 specie!'), Carboniferous, Europe and 
N. America (Fig. LXXI.) ; 1 -3 iAmb always rest on the adjacent shoulders 
of the RR in each IR, and consolidate a varying number of Br and Amb 
with the calyi ; arms fork once to thrice (exceptionally more), the dichotomy 
often irregular, producing 6 ranii to the arm ; columnals have a slight 
skew, so Uiat the fulcral rid(>e of the proximal surface lies at an angle to 
that of the diatsl surface i thus the flattened stem, which otherwise could 
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move only in one plane, has a Bpiral twiat that eoableB it to bend in any 
direction (Fig. XLIX. 6, 6). EMdadxriwa, Ueek (1871, W. & Sp., 
1697), Carboniferous, N. America ; appears late in the history of Platy- 
crinui, from which it was evolved poly genetically by modificatiou of the 
arms ; two main rami to each arm (sometimes only one ramus) composed 
of biserial Br, with large almost rigid Anib, form tubular extensions of the 
thecal cavity, and give off on alternate sides short, biserial ramuli, which 
in turn bear pinnules (Fig. LXXI. 4), This sketch of the evolution of the 
Platycrinidoe is confirmed by the ontogeny of Plalycrinui. In young 
stages (Fig. LXXI. 2) the basal cup is relatively shallower ; BR lees high ; 
columnals circular in section ; Br uniserial, later on zigzag, and longer ; 
pinnules relatively stouter and wider apart ; O relatively lai^r, and 




'ui. LXXI. 

id pntlnull bmcliiali of rtalyeriaui nbrpl. 
(■fUrW. iflp.). '" "^ 



illebnfkiatMe, 
&HP.}. Jlr', ■rilcoliir fkcrl 
i) twD-tbirds nitunl liie. 



PUtycriDlnH. I, abonl vl 
Wichainuth * Sprlngtr). 2, crown of young J-. HuMavUlar. from Brit. Utui. 
™iy> of F. mi%vtui>, anterior Ttaw C»fl*r W. & Sp.). ♦, •"■« of f.'urlnrfmxini 

(l)r»™»; Bm. «miu; r, ratoula; otii«rl«tte™«iu.iiia. AJl 

occupying greater part of teginen. From this obviously Coccocrinine stage, 
the change to the mature Platycrimti has been observed in many species. 
Group B. Family 2. Ubiacrinidae. Cup formed of 1, 2, or 3 BB, 
farming a hexagon ; 5 RR ; and 1 anal in line with RR. The family 
is closely related to the Platycriuidae, but differs in the hexamerous 
symmetry ; also, as a consequence of this, in the presence of an iuterbasal 
suture in post. IR, whereas in Plalycrinidae the nearest to that position 
is in r. post radiua Genera — Htxacrintu, Austin (1843, Schultie, 186T, 
W. & Sp., 1897), Devonian, Europe and N. America (Fig. LXXII.) ; 
BB 3 ; IBr, 2 united by syzygy in America, only 1 in Europe ; arms with 
2 rami, bearing ramuli on one or both sides at intervids ; Br uniserial, 
and all except aiillariea bear pinnules ; tegmen as in Platyerinui ; stem 
circular in section, with small round lumen. ArtkrMantha, Williams 
(1883, syn. Hyitrierinas, Hinde, 1885), has theca of same structure, but 
armed with movable spines bocne oa tubercles ; arms dichotomous, biaerial ; 
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Item circular in Bection. ZWcAocHniM, Munster (1838, W. & Sp., 1897, 
syn. Cbtyjaiimofrintu, CasMday & Lyon, I860}, Carbon iferouB, Europe and 
N. America ; BB 2 ; IBr 2, united by Byzygy ; IIBr^ „,j ^ and, when arniB 
fork again, lIIBr^ „d ., are uniMd by eyzygy ; arma thin, uniBcrial or 
biserial, occaaioD^ly pendent ; stem circular in section. Catajitoerin'm, 
W. & Sp, (1697), Carboniferoua, America, differs from DicAomntu 



ogsgog 




'/. pciUni^^rmiB, cup Tiom below, (After L.Hchii]l 



ite creBcentic Hection And S 



only in the structure of the stem, which i 
seriea of c" ' 

& Sp (1861-97), Carbon iferouB, N. America; differs from ita ancestor 
DieAocnniM in ite more niasBive plates and in having' but one IBr to an 
arm, and that Hmall ; anal reseniblea ant. R in shape and «ize ; arms 
branch twice, biserial, free from IIBr inclusive. Pltrotocrinus, Lyon & 
Casseday (1859, W, & Sp., 1897 ; syn. Aiterocrinue, Lyon non Miinster), 
Carboniferous, N. America ; a remarkable modification of Talarom'nui, 
with Br up to IlIBr incorporated in cup ; large 
wing-like processes spread out from tegmen, and 
probably represent the hypertrophied aiiUary 
lAtnb. With this exaggerated type, the nearest 
approach to the true Camerata, the Hexacrinidae 
become extinct. Fahilt 3. Acrocrihidae. Cup 
formed of 8 BB, forming a hexagon ; 6 RR ; 1 
anal in line with RR ; and a large belt of acces- 
sory plates between BB end RR. Atrocrinm, 
Yandell (1855, W. & Sp., 1897), later Carboni- 
ferous, N. America (Fig. LXXIIl.) ; derived from 
DiehocrifM*, which it otherwise reaembleB, by tlie 
gmdn&l intercalation of B-20 circlets of supple- 
mentary plates, " superbasals " (SB) ; the SB iio- nn. Lxxni. 
mediately above BB are always the latest formed ^iraHiiHi ninpAgni. (Ilo- 
and the smallest ; the SB supporting the anal and I^"th™apridBM!) i< " 
ant. B are in single series, the rest alternate. 

In A. amphora the arms were recumbent on the cup and apparently 
immoTable. This remarkable family was the la?t to appear, and sur- 
vived oil other Adunata and all Camerata. 

Order 3. Monocycllca Camerata 

( = Camerata, W. & Sp. pars). 
MonocydicainwhichIBr,twoineach n,j(exc.SteTeocrimu,HadTocrima, 
AUoproiaUoerinut) and often succeeding orders of Br, are incorporated by 
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iBr in the dorsal cup (becoming " fixed brachials/' Br), while the corre- 
sponding Amb are either incorporated in, or pressed below, the tegmen 
by iAmb ; all thecal plates united by suture, somewhat loose in the 
earliest forms, but speedily becoming close, and producing a rigid theca ; 
mouth and tegminal food-grooves closed ; arms pinnulate. 

Tlie families may be grouped somewhat after the plan of Wachsmuth 
and Springer (1897), thus : — 

A. No anal plate in radial circlet of patina. BB usually form a 

pentagon. Melocrinoidea. 

B. An anal plate between RR in post. IR. BB form a hexagon. 

1. Proximal anal heptagonal, succeeded by one or more in the 

same vertical series, between the ordinary iBr. Batocrin- 
oidea. 

2. Proximal anal hexagonal, succeeded by no vertical series, but 

by 2 iBr. Actinocrinoidea. 

Whether Group B, was derived from some genus in Group A. is un- 
certain ; representatives of both groups are found in the Ordovician. It 
is more probable that -6,2 was derived from i5,l, by way of the Periecho- 
crinidae. Among Melocrinoidea the Patelliocrinidae are scarcely removed 
from the Inadunata, and some of their genera might almost be placed 
with the early Adunata, with which they were contemporary. Although 
their occurrence in the Ordovician is doubtful, yet the existence of the 
family points to the path along which the Camerata ascended. The 
Glyptocrinidae and Melocrinidae, which differ in little but number of 
BB, and both have anals in the dorsal cup, may have been derived from 
such a form as SUlidiocriniis, which also has anals. With less doubt we 
infer that the Patelliocrinidae without anals gave rise to the similarly 
constituted Clonocrinidae, from which sprang Eucalyptocrinidae, and 
probably also Dolatocrinidae. Among Batocrinoidea the simplest and 
one of the oldest genera is Tiwaocrinus, with 5 BB, and not far from 
it come the earlier Xenocrinidae, with 4 BB, which perhaps led on to 
Periechocrinidae, and so to Actinocrinoidea. The important ancestral 
family, however, is the Silurian Carpocrinidae, in which Acacocrinus is 
nearest to the Inadunate type. From them arose Barrandeocrinus with 
its recumbent arms, then the Coeliocrinidae without anal tube or respira- 
tory pores, and, later on, the Batocrinidae possessed of both those structures. 
No members of this order survived the Lower Carboniferous, but during 
their history they developed some of the most numerous in individuals 
and species among crinoid genera, and in Barrandeocrinus, EucalyptocrinuSy 
AgaricocriniLS, and Strotocrinus, some of the most remarkable of all 
Echinoderma. 

Sub-Order 1. Melocrinoidea. Monocyclica Camerata with RR in 
contact all round ; IBrj usually quadrangular. 

Family 1. Glyptocrinidae. Melocrinoidea with 5 BB ; in each half- 
ray 2-8 ilBr, sometimes IIlBr ; free arms rarely branch beyond IIIBr, 
and may be uniserial, zigzag, or biserial ; iBr numerous but definite ; 
illBr numerous, less definite ; a ridge of anals in post. IR ; tegmen 
of numerous small plates ; stem round, with pentagonal lumen. All 
Ordovician of N. America, European representatives doubtfuL Genera — 
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etyptoerinwi. Hall {1847 ; W. 4 Sp^ 1897 ; Bynn. GmMfrocrifltM, W. & 
Sp. ; P^MoenKm, S. A. Miller), hag smoU BB snd utob in zigzi^ (Fig. XXV.). 
ScAtwcrinuj, Hall (1847 ; W. & Sp., 1881 ; (T) syn. JwjpAoCTiniu, Hall 
non Zenker), doubtful, but close to Glr^iocriniu, uma nniserial. Periglypto- 
(TMiiM, W,4Sp.(1897),liaaiargeBBaDdbiBeria]armB. Family 2. Mblo- 
CBIKIDAB. Melocrinoides with 4 6B ; in each balf-raj 2-5 IlBr ; theu 
support S or4 main rami giving off pinnnlea or pinnukte ramuli ; iBr, 
illBr, and post. IR as in Qljptocrinidae ; t^men of numerona, small, and 
irregular plates; stem round. Oenen — Scyphocriniu, Zenker (1833; 
non Hall, nte Pietet), Silurian, Bohemia and (1) N. America. Cup veiy 
latge, including many of the proximal ramuli, which enter the iBr 
and illBr areaa ; subsequent rami are free and divergent ; rami and 
ramuli uniserial ; root a large hollow spheroid strengthened b; internal 
■epta, regarded as a float ( = OamnrocHntu] by Hall, as a cyatid ( = LoboUthus) 
by Barrande. Manacriniu, Hall {1859, reatr. W. & Sp., 1881-97 ; Bya. 
Zenkerierinut, Waag. & Jahn), Silurian, Europe, N. America. Free arms 
composed of wedge-shaped lIlBr, divergent, may or may not bear a 
few lamuli on their amedian sides (Fig. LXXIV. 1). Melocrinut, 
QoldftlSB (1826; W. & Sp., 1897; 
■ynn. Attroerinui, Conrad ; Tiirbitw- 
erinitg, Troost ; Ctutanocrtniu, and 
Oytoerinu*, C. F. Boem. ; CfonomniM, 
Oehlert), Devonian, Europe and N. 
America ; the 2 main rami of each ami 
are laterally fused into one trunk with 
single large ventral groove ; this bears 
paired biserial pinniilat« ramnli (Fig. 
LXXIV. S) ; thus the genus is related 
to Mariaenmu as Eucladocrinut (p. 16S) 
to Platyeriniu, and as SUganocrintit (p. 
nO)to Aetinoerinut. Ctenocrin'ot, Bronn 
(1840, em. Follmann, 1B87), Lower 
Devonian, W. Europe, is distinguished 
by Jaekel (1890), but merged with 
Meioerinu* by W. & Sp. (1897); the 
ossicles of the rami are compound, and 
each may bear 2 pinnulea „ 

FaxiliS. Patilliocrimidak. Melo- e 
crinoidea with but few Br incorpor- 
ated in cup ; BB usually 3, unequal, may be the original 6, or may 
fuse to 1 ; both IBr resemble free brachials ; in each half-ray 1, or 
generaUy 2, IIBr, merging into free arms, which may be uniserial, zig- 
zag, or biserial ; iBr 2-6, a single one rests on RR ; stem small and 
Tound. This early Palaeozoic family contains genera with and without 
additional plates in post. IR ; but all are simple forms, scarcely more 
removed from the Inadunate type than are the Silurian Adunata. They 
may be intermediate between Inedunata and some more advanced 
Camerata, tj. Clonocrinidae ; but it is not probable that they represent 
the ancestors of Qlyptocrinidae or Melocrinidae. Genera — Stetidieorinm, 
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Aogelin (1878 ; [t] syn. Hartaticrinat, Ang.), Ordovician, N. America, 
and Silunan, Gotland (Fig. LXXV, 1, 2); 6 BB, unigeriol anna, anals in 




poet IR, large orals. Afocrosfi/Iocrinw*, Hall (1852, W.& Sp., 1897), Siln- 
, N. America ; 3 BB, biserial arniB, anula in pest IR, amall plates in 
tegmen, AJiocriivai, W. & Sp, (1889- 
97), Silurian, N. America; 3 BB, 
umserial arms, no anala in poet IR. 
Po(^WMKriniif,AugeIin (1878), Silurian, 
Gotland (Fig. LXXV. 3) ; 3 BB, ajms 
zigzag or biserial, no auals. Briaro- 
cnnui, Angelin (1878), Silurian, Got- 
land ; 3 BB, arma secondarily nni- 
senal, i.t. IIBr are compound plates, 
anala uncertain. Centriocrinvt, Bather 
(1889, nom. mut pro " Centroerinui," 
W. & Sp, 1881, non Austin, 1843, 
nee Worthen, 1890); BB fua«l, arma 
unknown, no anala in post IR. 

FaUILV 4. CuiNOCBINIDAE. Melo- 

crinoidea witli 4 BB ; in each half- 
ray 1-2 IIBr, with varying number 
of IIIBr and even occasionally IVBr ; 
free arms biserial, sometimes forking 
aa far as VIlBr ; iBr few and 
definite ; illBr few, not always 
present; occasional illlBr ; no anala 
in post IR ; tegnen unknown ; Mem 
round or sub- pentagonal. Genera — 
Clotwcrinutf Quenstedt (1876, non 
Oehlert, 1879; syn. CorT/mbocrituu, 
e Aug.), Silurian, England, Gotland, and 
'^ N. America ; base concave ; free arms 
' isotomousfromIIIBrtoVlIBr;iBrina 
single vertical row, the two proximal 
large and definite, Tiiis genus leads towards Eucalyptocrinidae. Poly- 
peit«*,Angelin (1878), Silurian, Gotland,BeemBto have pinnules incorporated 
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in the cap. It leads on to TVyUuKrinui, Geioitz (1S6T ; syn. Spyridio- 
mntu, Oehlert, 1891), Lower Devoniaii, Germany and France, which 
also has a concave baae. Teeknocriniie, Hall (1858, W. & Sp., 1897), 
Devonian, Md., U.S.A., base convex, arms not branching beyond IIlBr, 
no illBr ; the cup plat«a have aiial folds as in Dolatocrinidae, which 




&niilj may be thus connected with Coiymbocrinidae. Familt S. 
EncALTPTOCRiNtDAE. Melocrinoidea with usually concave patina of 4 BB 
and S RR; in each half-ray are 2 IlBr, supporting inBr, (and in 
Eucalyptocrinut IIlBr^ followed by IIIBr, proximally uniaerial, distally 
biserial ; iBr 3, 2 resting on 1 ; illBr 1 ; tegmen elevated in a central 
anal tube, and composed of 4 circlets of large plates, variouBly shaped 
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and bearing processes. When stripped of arms and processes, the theca 
resembles a sherry-decanter with a kick at the bottom. At the junction 
of cup and tegmen are the 10 pairs of ambulacral openings for food-grooves 
and associated vessels, which pass beneath the tegmen to a central 
mouth suspended beneath the neck of the decanter. From this a gut 
winds dextrally down, around, then up, and out at the mouth of the 
decanter. The processes borne by the tegmen are vertical partitions 
rising from the fixed iBr and illBr to varying heights, while smaller 
partitions are between the IIIBr series. Genera — Callicrinus, d'Orb. 
(1849), Silurian, Europe and N. America (Fig. LXXVIL, see Angelin, 
1878, W. & Sp., 1897). The cup is built on almost the same plan as 
that of Clonocrinusy the difference lying in the vertical fission of the 2nd 
iBr. The partitions do not rise very high between the arm-branches ; 
on the other hand, large spinous processes are frequently given off from 
plates of both cup and tegmen, while the upper circlet of the anal 
tube is often extended in 4 quadrant-shaped horizontal extensions 
(Cryptodisciu, Hall ; see Weller, 1898). Eiicalyptocrinus, Goldfuss (1826 ; 
syn. HypanthocrinnSf Phillips), Silurian of Europe, N. America, and 
(?) Victoria, Devonian of Eifel (see Angelin, 1878, and W. & Sp., 1897) ; 
differs from CcUlicrimis in the great development of the vertical partitions, 
which form compartments in which the arms rest right up to their tips, 
so. that the closed crown is almost egg-shaped, especially as it has not the 
obtrusive ornament of CciUicrinus. Angelin has figured laminae of 
stereom within the theca ; these served to support the subtegminal 
food-grooves and mouth, and are pierced by the gut ; they are not 
hydrospires. This family was richer in species than any other of the 
Silurian ; while the main structure was fixed, the ornament varied 
greatly. Family 6. Dolatocrinidae. Melocrinoidea with large base, 
flattened or concave, 3 BB, nearly always fused ; in each half-ray, 1-4 

IlBr, and sometimes IIIBr and IVBr ; free arms biserial, and may fork ; 
iBr,3 or more ranges ; illBr usually present, merging with illAmb ; an 
additional iBr exceptionally present in post. IR ; tegmen, when known, 
solid, with large plates ; stem round and large. All Devonian of N. 
America- Genera — Dolatocrinm, Lyon (1857 ; W. & Sp., 1897 ; syn. 
CacahocrinuSy Hall), has 2 IBr, a stout almost central anal tube, respiratory 
(?) slits in interbrachial areas at junction of cup with tegmen (Fig. XLV. 1), 
and plates usually with axial folds. Siereocrinus^ Barris (1878, W. & 
Sp., 1897), has 1 IBr, and BB unfused. Hadrocrinus^ Lyon (1869 ; 
W. & Sp., 1897 ; syn. [?] Coroiwcrinusj Hall), has 1 IBr and large iBr 
variable in number and arrangement ; very large, and imperfectly known. 
The single primibrachs of Stereocrinus and Hadrocrinus probably represent 
the two IBr of Dolatocrinus fused (cf. AlloprosaUocrinus). 

Sub-Order 2. Batocrinoidea. EK in lateral contact except in post IB. 
Proximal anal heptagonaL IBr^ quadrangular, except in Periechocrinidae. 

Family 1. Tanaocrinidae. Batocrinoidea with 6 BB ; the proximal 
IIBr fixed, but outwardly resemble free brachials ; arms fork still further, 
brachials wedge-shaped ; iBr and illBr numerous, iiregular, occupying 
depressed areas connected with tegmen, which was probably flexible and 
composed of small plates ; in post IR is a vertical ridge of anals ; 
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alem relativeljr large and sub-pentagonal . Genus — Tanaomntu, W. & 
8p. (1897), Ordovician, Ohio (Fig. LXXVIIL 1, 2). In structure and in 
time this genus is well fitted to be taken as an ancestor of the Carpo- 
crinidae. Fahili 2. Xgnocrinidae. Batocrinoidea with 4 BB ; each 
balf-raj containB IIBr, and sometimea IllSr ; free arms in zigzag or 
biteriaL iBr and illBr, also illlBr when present, numerou*. Port. IR 
wider than the others, divided by a longitudinal row of ridged anals. 
T^men of minute irregolar plates. Stem quadrangular to circular in 
section, with pentagonal lumen. Genera — XenstctvauL, S. A, Miller 




Fig. LXXVin. 
IknwKrlnldH iLiid Xsawiriaidu. 1, T'uiuicrliiuiiypui.piHt'-riorvlew, >: adiam. % anterior 
i1«ir, X i diun. S, XcnocrinKs, analy»i> of cup, 4, Comjiioerintu harriai, ciip from poiterior, 
dingniiiiiiwtlc, X 2 dlun. (All idnpUd rmni w. k Sp.) 

(1881 ; W. & Sp, 1897 ; Fig. LXXVIIL 3) ; iBr sink between EB, so 
41 almost to rest on BB ; IIBr are tinials. CWjffoenntu, S. A. Miller 
(1883 ; W. & Sp., 1897 ; Fig. LXXVIIL 4), has RR in contact eicept 
on anal side ; IIIBr sometimea fixed ; iBr stouter than in Xenocrva'u*. 
Both Ordovician, Ohio. ■4i(W»criniM, Aagelin (1878 ; ayn. ? Cnroiterinu*, 
Waog. &Jahn), Silurian, Gotland and {l)Bolieraia, is more highly developed. 
Between it and Gomfsocritaix we must imagine a form in which the free 
Br became biserial, while the free rami forked several times. In A}tiua- 
cnniu the proximal bieerial brachials (IlIBr) with their pinnules are in- 
corporated in the donal cup ; the stem has changed from sub-quadrangular 
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to circular, but the columaale still alternate in size. From the imagined 
intermediate form (not from Ahacaai-avM itBelf)i'm«fAMTinu« may have been 
derived by fufiioa of S B6. Fauilt 3. Carfocrinisae. Batocrinoidea 
with 3 BB (1 fused in Jtfacarocrinw*) ; RR rather large ; each half-ray 
contains 1-3 IlBr UBuaUj passing into the free arms, which are aaually 
S, occasionally 3, to each ray iBr 2 5 in contact with lAmb illBr 
may be present in limited and definite number tegmen of numerons 
small plates, with a few larger ones in poet IR a vertical row of anals ; 
st«m large and round, usually with small pentagonal lumen Genera — 
AtacQcrinva, W. & Sp. (1697), Silnnan Indiana, has 2 arms to each 
ray ; brachials wedge-ebaped, each beanng one pinnule DernmAtcrrnKt, 
Angelin (1678), Silurian, Europe m each ray one of the rami forks 
again almost immediately. Macarocnnw Jaekel (1696) Lower Devonian, 




diigrun o( the cslyi. Lettwing 

I greater length of Br, in fusion of BB, and presence 
of one IlBr instead of two (Fig. LXXIX. I). CarptKrinus, J. Miillei 
(1841 ; synn. Phoenicocriniit, Austin ; Abraenmu, d'Orb. ; Habroerinw, 
Pionocrinit*, and [?] Leptoerinus, Angelin, 1678. See W. & Sp^ 1881), 
Silurian, Europe ; derived from Dumidocrintu by fusion of free Br to 
form nniserial oasicles each supporting 2 or more pinnules, and by atrophy 
of the unpaired ramus, which resembles a large proximal pinnule (Fig. 
LXXIX. 2). Fauily 4. Barrandeochinidae. Batocrinoidea with 
3 BB; ER irregularly shaped; each balf-ray containing 1 IlBr, which 
supports a free arm, biserial, and recumbent over dorsal cup ; iBr, 3, in 
contact with lAmb ; tegmen solid with lai^ sub-spinous O, alternating 
with 5 radial dome-plates ; stem large and round. QeDUR—Barrattdto- 
rn'niw, Angelin (18T8 ; syn. [1] Oyltcocrinv^ S. A. Miller non Uiiller ; see 
W. & Sp., 1897), Silurian, Gotland and (?)N. America (Fig. LXXX.). 
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The chief feature is the fixed recnmbencj of the armt, aa in some HeiA- 
erinidae and Acrocntau; but differing from those forms in that the 
pinnnles were very close-set, sod folded in two rolls over the Tentral 
groove when closed. Except for this and the conBequentiy more solid 
t^men, the genus ia not far removed from the Carpocrinidae. Ant R is 
hexagonal ; r. and L anL RB hepta^^onal ; r. and L i>oet RR pentagonal. 

Fault 6. CoxLOcaiNiDAE. Batocrinoidea with 3 BB ; in each half- 
caj, 1 or 2 IIBr j free arms separated bj 3 or more iBr in contact with 
iAmb, 2-4 biserial rami to each n.j ; a row of anala in post. IR, aup- 
porting no tnbe ; but anus opening marginally from a slight prominence j 
tegmen solid, with large 0, eap. post. ; no reapiratorj porea known. 
Genera — Codoeriniu, Meek &. Worth. (1865-66 ; synn. Sphaerocrinui, M. 
k W. non Roem. ; Aororrimu, W. S Sp., 1897), Devonian and Carboni- 
ferous, N. America, and (?) Devonian, Europe (Fig. LXXXL). 2 or 4 
rami to each raj, each with independent opening into the theca ; cup extend- 
ing below arm-basea. Voryerimis, C. F. Roemer (1854, W. &. Sp., 1897), 
Carboniferous, N. America ; derived from Coelocrinut with convex base ; 
rami paired, 2 to a single opening radial dome plates of tegmen bear 
large spinea. AgaricocrinMi Hall ei Troost (1859 W &, Sp, 1897) 
Carboniferous, N. America denied from fuelocnni 
that feature being greatly exaggerated so that 
the cup does not project below the arm bases 
rami 2-4 in each ray, each with independent 
opening. Family 6. Batocbinidas. Bato 
crinoidea with 3 BB ; each half ra> contama 
1-S IIBr, also II IBr, 16 aluai'; in adanal 
series, and sometimes in the rest but rarely in 
anterior series ; free arms with 1 4 bisenal 
rami in each ray ; iBr, 1 15 usuulh uncoa 
nected with iAmb, except in post IR and 
BometimeB separated from them hy the brachial** 
there also; plates in posterior IR 2-19, per- 
haps more ; anal tube long, usually stout, and 
central ; tegmen solid, with and radial dome- 
plates usually prominent, post O always pronounced ; 10-20 respiratory 
pores chaiacteristic (Fig. XLV. 2), but doubtful in lUsygocritati and very 
doubtful in f^peromnu* ; stem round, usually stout, with small pent- 
agonal lumen. The family is confined to the Lower Carboniferous 
rocks of central N. America, where it flourished exuberantly along 
with the parallel family Coelocrinidae. Batocnmig came first (Kinder- 
hook) and went last (St Louis) ; the rest are confined to Burlington 
and Keokuk Groups. Genera — BaUnriniis, Casseday (1854 ; em. W, 
& Sp., 1897), has 1-3 iBr separated from iAmb by III Br ; 18-26 
short ann-rami set regularly round periphery (Fig. LXXXII.). Ert^no- 
mnut, Lyon & Casseday (1859 ; W. A Sp., 1897), like BaUxrinut, 
but has 12-26 long paddle-ahaped arm-rami, and eccentric anal tube. 
AUoprtuaHocrinut, Ly. & Cass. (1960, W. & Sp., 1997), constructed like 
Baloerinat, but converges in outward shape towards Agaricocrinv*. 
Eutroehoeriniu, W. & Sp. (1897), 18-40 short rami, set regularly around 
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periphery like apokea of a wheel ; iBr niay or may not join iAmb : 
illBi o^n present Dic^ocrinux, W. & Sp^ <1897), like Evirwivy- 
erinui, but with rounded calyx, more variable in compoeition, anal tube 
and etem rather slender. Hyperocrinui, Meek & Worthen (1665, as 
Uperocrintu; tjn. Lobocrmtu, W. &, Sp., 1897); 18-2S free rami, arranged 
in am-gronpa, separated by iBr which join iAmb ; illBr sometimes 
present ; lofty tegmen ; respiratory pores unknown. Maerocrinut, W. 
& Sp. (1697); 12-16 rami, in groups, but not separated by iBr 
except in post IR ; anal tube tapering ', stem slender ; t^men coni- 
cal or hemispherical ; respiratory pores, iO. The study of the relations 
between these genera is a fertile and unappropriated lield. 

Family 7. Pbribchocrinidae. Batocrinoidea with 3 BB ; IBr , 
hexagonal ; each half-ray contains 1-5 TIBr, and sometimes 2-6 llIBr ; 
free arm-romi biserial, usually branching; iBr numerous and merging 




no. LXKXll. 



xnliy, rut, sLm). S, e 



, Miipplem 

into iAmb ; post. IR wide, with plates in successive rows of 1, 3, 4-8,ete.; 
tegmen of numerous small plates in which O, Anib, and radial dome-plates 
are sometimes to be distinguished, especially post. ; anus without tube, 
from sub-central to machinal ; stem large, round, with wide lumen, round 
or 6-lobed. Members of this family, esp. Gtrntaeoa-iHiut, are liable to be 
confounded vith Actinocrinidae, but differ in the presence of 3 platee 
(not 2) in the second raw of post. IR, in which respect they resemble 
Xenocrinidae, Carpocrinidae, Coelocrinidae, and Batocrinidac. Genera — 
PtntehocTvmt, Austin (1843 ; aynn. Geocrintu, d'Orbigny ; SacoMTinvt, 
Hall ex Troost ; Fyxidorrinus, 3. Miiller, pnrg ; [?] TTOchoerinwi, Pordock 
and [J] Pander; [7] Pm-!ocnniu<, Vemeuil, 1850 ; see W. & Sp., 1897), 
Silurian to Carboniferous, Europe, N. America, Australia ; elocgute cup 
of thin long plates, usually with axial folds, and depressed theca in which 
are not distinguishable ; arms fork and are less advanced than in 
Abacocriniu (p. 165). Beiirichocnnut, Wnag. &. Jahn (1899), Silurian, 
Bohemia, little known. Megiitocrinia, Owen & Shumard (1852 ; W. ft 
Sp., 1897), Devonian and Carboniferaus, N. America, (I) Carboniferous, 
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d ; globose cup of heavy short plates, with tegmen from flat to 
conical ; O, radial dome-platea, aod Amb Qiually distinguiebable (Fig. 
XLIL) ; free rami grouped in pairs, have covering-plates and aide-plates. 
GmnoMcnniu, W. & Sp. (1881-67), Devonian, N, America ; low cup of 
tbia plates with axial folds ; tbeca rather depressed and lobed in arm 
regions ; O small but visible, as also are Amb ; rami, 8 to a ray, branch 
from alternate sides of arms ; iii, form like the Actinocrinid Ph^tAocrimtx. 

Sdb-Obpsr 3. Actinocrinoide&. BR in lateral contact except in 
post. IR ; proximal anal hexagonal ; IBr, usually hexagonal ; BB 3 
equal, forming a hexagon. 

Family 1. Actinocrinidae. Cup conical or bowl-shaped, with orna- 
ment of axial folds ; only 1 1 1 Br, which is axillary ; free ann-rami branch 
on alternate sides of the half-rays, starting either from lax or Ilax ; all 
ftee portions of arms are biserial ; proximal pinnulars bear hooks ; iBr 
numerous, primitively merge into iAmb, but become separated therefrom 




by development and lateral contact of fired brachials ; post. IR wide, 
with proximal anal followed by 2 plates in second row ; tegmen 
solid ; O not prominent, hiU usually distinguishable ; iAmb may cover 
the tegmiual Amb ; anus either an a tube or piercing legmen, I'ither 
central or eccentric; stem round, with small 5-Iobed lumen. The 
&mily is confined to the Lower Carboniferous, and flourished chiefly 
in N. America. Aclinocriniu', with its descendant Sftgamxriniui, and 
Oadocrinus, with its descendant Teleiocrinus, form a group characterised by 
a long anal tube. In Phyeetoainus and its descendant Sirotocrinus the anna 
pierces the tegmen directly. For complete account of the family and 
revision of genera see W. & Sp., 1 897. Genera — Aetinomnuii, Miller (1821; 
synn. vlmpfcnM, Cumb. ; iJ?atrorHn[(j', S. A. Miller; Fig. LXXXIII.) ; cup- 
plates with axial folds and parallel ridges ; theca lobed at arm-regions, the 
numerous iBr being depressed, while the higher orders of Br with their 
Amb form 5 broad rays, sometimes including some iBr ; these rays fork and 
give off free rami to alternate sides every second or third plat«, first on outer 
side from Ilax, then on inner side from niax,andso on ; the rami may branch 
again ; pinnules long, the proximal pinnulars armed with a small hook pro- 
jecting from the middle; tegmen 8olid,rising centrally into a stout tube with 
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anus at distal end ; O small and eccentric ; Amb visible in tegmen, either 
as two rows of large covering-plates which pass out from between and 
follow the branching of the food-grooves, or as large single plates (lAmb 
and IIAmb), succeeded by small covering-plates, which pass on to the free 
arms. SteganocrintLS, Meek & Worthen (1866), differs from Actinocrinus 
in the extension of each ray into 1 or 2 rigid tubular rami, from 
which biserial ramuli are given off alternately on opposite sides, either 
from every ossicle or from every other ; covering-plates consist of side- 
pieces and spinous Amb. Gactocrinus (W. & Sp., 1897) differs from 
Actinocrinus in having the arm-rami given off in a continuous row 
around the theca, the brachials meeting laterally, so that iBr are not in 
contact with iAmb (cf, Eutrochocrinus) ; bifurcation takes place on each 
successive plate, i.e. all Br, except the finials, are axillary ; all pinnulars, 
except the extreme distal ones, bear hooks which imbricate over the adjacent 
pinnules (c/. structure of a feather) ; covering-plates consist of side-pieces 
and Amb ; Br and tegminal plates spinous (cf. Fig. XLIV.). Teldocrinus, W. 
& Sp. (1881 ; syn. CalMhocrinus^ Hall, jKirSt rum v. Meyer) ; a modified 
Cactocrinus in which the arms have become so numerous and crowded 
that they are pushed outward, while, their bases have become united 
and extended as a broad rim at the top of the theca ; between the Amb 
and iAmb forming the roof of this rim, and the Br forming its floor, are 
developed processes of stereom serving as girders ; the ambulacra with 
their ambulacrals are mostly depressed below the tegmen and covered by 
iAmb ; a respiratory pore is at the side of each ambulacral opening into 
the theca. Physetocrinusy Meek & Worthen (1869), differs from Adino- 
crinus in the absence of an anal tube, and in bifurcation of arms on each 
successive Br, as in Gactocrinus. Strotocrinus, Meek & Worthen (1866), 
often confounded with Teleiocrinus, towards which it is convergent, bears 
to Physetocrinus precisely the same relation as Teleiocrinus bears to Cacto- 
crinus. Sampsonocriniis, Mill. & Gurl. (1895), Carboniferous, Missouri, 
has r. and 1. post iBr truncating BB, and only 1 IBr in r. and 1. ant. radii ; 
the unique specimen is best regarded as an abnormal Actinocrinus Com- 
pare Phillipsocrinus, M*Coy (1844 or 1862), Carboniferous, Ireland, in 
which also some iBr trimcate BB ; but since BB are here 4, this may 
be a more direct descendant of Xenocrinidae, perhaps by way of the 
Silurian Lavheoci'inuSy Waagen & Jahn (1899), which seems a link 
between early Batocrinoidea and Actinocrinoidea. Family 2. Amphora- 
ORINIDAE. Actinocrinoidea with cup depressed and tegmen much elevated, 
accompanied by downward projection of proximal regions of arm-rays ; 
cup -plates with granulo- vermicular ornament; iBr few; in other 
respects like Actinocrinidae. Genus — Amphoracrinus, Austin (1848), 
Carboniferous, Europe and N. America ; arms free from lax or IIBr^ ; 
anal tube short and eccentric. Two American species occasionally have 
3 plates (instead of 2) succeeding the proximal anal, but the middle of 
these is small and wedge-shaped, barely touching the anal ; this may be 
a plate of the ensuing row pressed down, or it may represent the middle 
plate in Batocrinoidea. 
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Sub-Class 2. Dicyclica, Bather (1899). 

Crinoidea in which the base consists of BB and IBB, the latter being 
liable to atrophy or fusion with the proximale, but the aboral prolonga- 
tions of the chambered organ are always radial ; new columnals may or 
may not be introduced at the proximal end of the stem. 

Order 1. Dicyclica Inadnnata 

( = Inadunata, W. & Sp. parsy emend,), 

Dicyclica in which the dorsal cup primitively is confined to the patina 
and occasional intercalated anals, and no other plates ever occur between 
RR (Grade : Distincta) ; Br may be incorporated in the cup, with or 
without iBr, but never rigidly, and their corresponding Amb remain 
supra-tegminal (Grade : Articulata) ; new columnals are introduced at 
the extreme proximal end of the stem. 

This order, so far as its Palaeozoic genera are concerned, corresponds 
roughly to the Inadunata Fistulata of Wachsmuth & Springer, and 
entirely to the Inadunata Dicyclica of Bather with an error or two 
corrected ; but it includes also some of MilUer's Articulata and some of 
Wachsmuth & Springer's Larviformia. The latter authors have them- 
selves proved the connection of the Encrinidae and Pentacrinidae with 
their Fistulata. The distribution of the 70 genera into families would 
present no great difficulty, were a purely morphological classification our 
aim. One might use, as has been done, such characters as the presence 
or absence of pinnules, of an anal tube, of a radianal, of articulation 
between cup-plates, or of simply bifurcate as contrasted with dichotomous 
arms. But there is every gradation in the development of these characters, 
pinnulate forms being derived from non-pinnulate, the radianal gradually 
disappearing, articulation of plates developed as need arose, and so on. 
Hence the great division into Cyathocrinidae and Poteriocrinidae (W. & 
Sp., 1886 ; Zittel, 1895) cannot meet the needs of the phylogenist. An 
attempt to sketch the actual race-history (Bather, 1890) resulted in the 
recognition of a distinction between Dendrocrinus and its allies, with their 
broad radial facets and thin tegmen on the one hand, and Gyathocrinus 
and its allies, with narrower facets and more solid tegmen on the other, 
while the pinnulate forms were all derived from the Dendrocrinidae. 
This distinction, subsequently strengthened (Bather, 1893), has been 
made much of by Jaekel (1895), who divides all his Fistulata into 
Cyathocrinacea, Dendrocrinacea, and Poteriocrinacea, the lost group being 
derived from the Dendrocrinacea, and giving rise to the Articulata 
(Jaekel). It is therefore but a slight step to establish two sub-orders, 
Dendrocrinoidea and Cyathocrinoidea. Of these the latter were the first 
to be specialised and the first to disappear. The Dendrocrinoidea moved 
more slowly and went further — even to our own day — undergoing modi- 
fication in the development of the anal tube, in the pinnulation of the 
arms, and in the relation of arms to cup. Moreover, from them branched 
off the order Flexibilia, probably on more than one occasion. 
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Pio. LXXXIV. 
Analysis of cup of CarahocriiMis. 



Sub-Order 1. Oyathociinoidea. Dicyclica Inadunata, with a fairly 
stout tegmen, in which 5 orals (A, ^ub-ambulacrals, interradials, con- 
solidating apparatus, of authors) are usually conspicuous, helping to 
stiifen the tegmen, supporting the ambulacra on their adjacent edges, and 
enclosing but not covering the peristome ; post O frequently a madre- 
porite ; radial facet usually narrow ; arms distinct from dorsal cup, un- 
branched or dichotomous ; none attain the pinnulate stage, but the 
presence of pinnules would not in itself remove a genus from the sub-order. 
Family 1. Carabocrinidae. Cyathocrinoidea with one or more 
lai^ anals in line with RR ; RA supporting these, and resting on a 
supplemental plate intercalated between post B and r. post B and rest- 
ing on IBR Anus, surrounded by a few small plates, pierces t^;men 
between x and post 0. Strong stereom- folds pass across the radio- 
oral sutures. Post O pierced by hydro- 
pore (a madreporite). Arms stout and short. 
Genera — Carabocrimis, Billings (1856,-59) ; 
Strophocri/ntLs, Sardeson (1899X both Ordo- 
vician, N. America (Fig. LXXXIV.). The 
radio -oral folds are probably vestigial 
hydrospires (cf. Hybocrinus), The inter- 
radial tegminal plates are admittedly homologous with orals, and ambu- 
lacrals rest on their apposed edges (as in Fig. Y. 2 ; see also p. 126). 
Family 2. Palaeocrinidae. Cyathocrinoidea with anal x in line witii 
RR ; RA smaller and rhomboidal, abutting on x and not separating 
r. post R« from r. post B ; anal tube slightly developed ; 5 surround a 
pentagonal peristome ; post a madreporite ; arms narrow, rising from 
well-defined facet, axial canal not separate from ventral groove, but passes 
into thecal cavity through a large opening between R and adjacent 
O. Gtenera — Palaeocrinus^ Billings (1859), Ordovician, Canada (Fig. 
LXXXV). ; usually regarded as a synonym of Deyidrocrinus, to which it 
is closely allied ; but it differs in shape of RA, the defined radial facets 
the anal tube composed 

~S9 



of but 4 or 5 vertical 
rows of plates, and above 
all, the solid orals sup- 
porting ambulacrals, — 
differentiae which place 
it in this sub -order. 
Stem shows 5 radial 
sutures ; cup - plates 
usually folded ; arms 
isotomous to IVBr. 
ParocriniLs, Billings (1856-59; see J. Grant, 1881, and BeyrichX 
Ordovician, Canada and Russia (Fig. LXXXVL); arms unbranched. 
Deep folds lie at the angles of all thecal plates, directed towards the 
angle, and not passing at right angles across the middle of the sutures, 
thus differing from hydrospires of Eublastoidea and from pectinirhombs ; 
Beyrich imagined them to be separated by suture from the rest of the 
plate, and Grant described a membrane [? a film of epistereom] covering 




Fio. LXXXV. 
Analysis of cup of Palcufocrinvs, showing the axial 
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them. BodromntM, Schnur in Steininger (184{l), Devonian, Eifel j ueu- 

tlly made s Bjrnonym of ifomomntw, but separated bj Zittel (1879), Bather 

(1893), and Joekel (1895) ; differe from Palaeocrinm only in tiie occa- 

lionallf wider radial facet and rather more de' 

reloped anal tube, in which points it approaches 

HoBiocrimu. Fun LI 3. Eubpirocrinidab. 

Cyatllocriiioidea with anal x beiagonal or 

heptagonol, resting on post. B, but rising 

above level of RB ; with RA pentagonal, 

mating on post, and r. post. BB, supporting 

X on one side, r. poat Rf on tbe other, and 

■ plate of the anal tube (rt) sunk into the 

cup between them ; anus at end of a 

uial tube ; post a mailreporite ; 

dicbotomous, axial canal not separate from ven- 

bal groove. Qeoera^ EmpiroaiTnit, Aogelin 

(1878; see Bather, 1893), Ordovician of 

Canada, Silurian of Gotland (FigB. LXXXVII. 

and XXXVIII.). The uaual teit-hook figure 

of E. gpiratis is reversed. ClotUroeriHiu, Hall 

(1852), and AmpherUt<>crinut, Hall (1882), 

both Silurian, H. America ; 3 IBB ; iniper- 

foctiy known (Fig. LXXXVIII.). The anal 

uea of the family resembles that of the 

ftdvanced Deudrociinoidea. Family 4. Sphae- 

■OCaiNIDAB. Cyathocrinoidea, with 3 anal 

[dates as in Evepiroerinui, but differing i 

that RA is comparatively large, x not rising ] 

above RE, rt Bmoll and not, or hardly at all, 

riaii^ above ER ; post. O a madreporite ; 

arms isotomous ; axial canal separate in Br 

aad R. Genera — SphaerocHwue, C. F. Roemer ' 

(1861; for history see Bather, 1892; for , 

■tencture, Jaekel, 1895), Devonian, Germany ' 

and England ; the anus piercea the legmen directly through a ring 

of small plates. Parieocrinui, W, & Sp. (1879), Devonian of (Jer- 

many, CarboniferooB of England and N. America (Fig. XXVI. 6), has a 

wellnieveloped anal tube of hexagonal plates, which are folded at the edges. 
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Faxilt 6. OiATHOCRiKiDAE. Cyathocrinoidea, with no anal except x, 
irtikh is in line with RR, and usually supports a large tube ; poat O a 
madreporite ; arms isotomous, axial canal separate or not Genera — 
OfotkocriMU, Miller (1831 ; see Bather, 1892-83, for full i 
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details), Silurian to Carboniferoua, world-wide. This, being the beet 
known genua of the sub-order, demands closer description. The dorsal 
cup (analysed in Fig. LXXXIX. B) consists of : 5 equal IBB ; 5 large 
BB, all hexagonal except post B, which is truncate above ; & shield- 
abaped RR, each with a facet usually ^ width of plate, the articular 
surface being either smooth and imperforate, or having a aUght transTerse 
ridge pierced by the axial canal (Fig. LXXXIX. 2); a square anal x, in 
line with ER and resting on truncate post B. Tegmen consists of 6 
resting on the incurved shoulders of BR, and surrounding a pent^onol 
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jf a brmtliiil otBuiie, wiUicoverina-plstM In pMitlga, x 9. 5, lulrdi 
cuiKl:/, micnl lidKe: <, inlarcaUted pkU; j, JolDt-surfarc; I.r' ud 
■ » C0V8rliiR-pl»l* of the leftiide: rn, umUlii; t.c\ proilnul h«ir of • 
ight side ; I, flDsl tiib* ; p. », ventral groovd. {2-S after B*th or.) 



peristome (Fig. XXXIX. 1), post. being large, conapicuoua, and pieiced 
by nnmerouB water-pores, tbe other O being smaller and often almost 
entirely hidden, partly by arobulacraU resting on the apposed edge of all 
O, partly by small interambulaorals (Fig. XXXIX. 2). The proximal Amb 
meet over the peristome and often grow to a large size, sometimes fusing 
and siiuulating orals (for which elements they arc taken by W. & Sp., 
see Fig. XLIII.). The anal tube consists of more or leas hexagonal plates, 
arranged in fairly regular longitudinal rows ; it varies greatly in width, 
length, and width of lumen ; the anua is at its distal end ; the plates may 
be slightly folded, but are not transversely elongate, nor are there pores. 
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Fig. XC. 
Analysis of cup of ^tMoerinu^. 



or even the appearances of pores, between them (Fig. XXVI. 5). Arms 
dichotomise 5-7 times, and in each series there are more brachials in the 
admedian branch of the dichotom ^Fig. LXXXIX. 1). The covering-plates 
are well developed ; in their simplest form they are conical, in both out- 
line and longitudinal section, regularly alternating, and each reaching 
about \ across the ventral surface ; each covering-plate may, however, be 
transversely divided, and the parts may come to be arranged in a manner 
too complicated for description here (Fig. LXXXIX. 4). Stem round, 
with lumen usually 5-lobed ; stem and lumen vary in width ; columnals 
low, usually alternating in thickness and height, the smaller ones being 
those last formed; joint-surface radiately striate (Fig. LXXXIX. 3); no 
longitudinal sutures and no cirri. GissocrinuSy Angelin (1878 ; em. Bather, 
1893), Silurian, Europe and possibly 
AmericiBi (Fig. XC. ; see also Figs. VIII. , IX., 
and XLL); connected with PalaeocrintLS ; 
one or two pairs of IBB usually fuse ; cup- 
plates have clear axial ridges ; distal mar- 
gins of Br usually project ; anal tube com- 
pressed antero-posteriorly, its plates trans- 
versely elongate and folded. Arachnocritiusy Meek & Worthen (1866), 
Silurian to Devonian, America and Europe ; small cup and heavy arms, 
which, together with anal tube, spread out horizontally from the cup. 
LecythocrinuSy Miiller (1868, em. Zittel, 1879 = Taxocrinus briareus, 
Schultze, 1866), Devonian, Eifel ; stem subquadrangular, with one large 
central and 4 smaller peripheral canals (cf. Cupressocrinidae). Family 6. 
Petalocrinidae. Cyathocrinoidea without x in dorsal cup, and with 



Fio. xci. 

Petulocrimit. 1, partial recon- 
struction of F. mirabilis, with one 
arm removed to expose radial 
facet, and other arras devoid of 
covering-plates; the root is im- 
Hjjcinary, x 2 diam. 2, section 
across four grooves of an ann-fan, 
showing traces of the original 
sutures (s) between them, covering- 
plates (c.p) closed and open, slUo 
stages in the separation of the 
axial canal (cue) from the ventral 
groove (v.g), compare Fig. VIII., 
X 5 diam. 8, articular facet of 
ann-fan of P. visbycensis.- m, 
muscle -fossa; I, dorsal ligament- 
fossa; r, fulcral ridge, x g. 4, 
dorsal view of cup and proximal 
rej^ions of arms of P. mirabilis ; 
II r, arm-fan ; St, proximal colum- 
nal ; other letters as usual, x 3 
diam. (3 and 4 are after Bather.) 




arms fused into solid arm-fans. Genus — Petalocrinus, Weller (1896), 
Silurian, Gotland and N. America, appears to have been derived from 
Arachnocrinus by lateral fusion of the rami of each arm to form a blade 
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or fan ai-ticulated to the R by a single IBr (Fig. XCI., see Bather, 18&8). 
Fauilv 7. Ckotalocrihidae. Cyathocrinoidea with cup 8« io Cyalho- 

erintu; anal tube when present constructed like that of Giuocrimu; 
tegmen almost entirely composed of Amb, Home of which are much 
modified ; the orals seem to have been covered by these and to have 
atrophied, except poeL O, which remains as a conspicuous plate, ap- 
parently matlreporic (Fig. XCII. 3) ; the entry of Amb into the tegmen is 
connected with the shortening up of proximal portions of anna, so that 
IBr, IIBr, IIIBr, and sometimes lYBr, all partiatly rest on R, and are 
firmly united by suture with it (F^. XCII. 1). Arma repeatedly iao- 
tomous ; axial cntial distinct, except sometimes in extreme dibtal region. 




GroUluuiiDidae. 1 awi -i, UnaHac'ii 
b«ck, showlii^conilce-ltke projeclic— 
betwMii htiag ivpreaenied in aolid \ 
'it'" ^ " 



II. & Siir.). 



1 of !■> 



» poiterior view 
nun Hide, ^ • 



:r. from ft BpK^iiiu 



inttfld by (be iBtrral procewrH of Ihe bmchlila. tbs ■ 
tck ; tbe iiiUmiUl (IR), bIchik wblcb BOJ'iKDt iniu anile, 

. r - SH, in the poitcrlor of which Jli^ the ibort ftiuL tub«(^0); 

loalsCa^O^'v Reuntefroin the yeiitnil grooveri (F.p); tbr lutt^r ire protecUd l^' 
iuiiM.uK-u.ii(<q(<'.l>), ivUlrb liecunie ^arga toinnli Uie centre, and tuiir pnnlouil oDe>(F)mMt 
■niHndthBni«dreporilQ(M), x Kdlini. 

Stem large, round, with wide lumen (Fig. L. 1, 3, 4). All Silurian. 
Genera — Enallocriime, d'Orbigny (1850), Gotland and England ; arm- 
branches distinct, often with a pronounced cornice at distal margins of Be 
(Fig. XCII. 2), in this as in other reapecta closely resembling GittocritMU. 
Orolalocrinut, Austin (1842; syn. Ant!iocrinu$, Miiller, 1863), Gotland, 
England, and N. America ; arm-branchea united by lateral processes from 
each Br, so as to form a flexible network, which may be continuous all 
round the crown, or divided into 5 broad arm-fans. The family is referred 
to the Camerata by Wachsmuth and Springer(1888); but the resemblance 
to Afarnpomniu is homoplastic, and the connection with OyathocrinidH 
scarcely admits of questioa The Crotalocrinidae might be called the 
Adunata of the Dicyclica, just as Plalycrinug and its allies are of the 
Monocydica. Fauily 8. Codiacbikidae. Cyatbourinoidea with no anal 
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plates in dorsal cup ; witb dichotomoua arma relatively Blightly developed. 
Genera — CoditKriniu, SchulUe {1867 ; Follmann, 1887), DevoDitm, Ger- 
many (Fig. XCIII.). Lecylhiocriniu, White, 
(1860), Coal Measures oflUiDois and Kansas. 
Both genera little known ; Codiacriniu i 
compared by Schultze with MyrtiUacrinus, 
by W. 4 Sp. with ^cAraJoen'nu*, Fauily 9. 
CuPRESBOCRiNiDAE. Cyathocrinoides with 
no anal plates in dorsal cup ; »nu8 piercing i;c^^lS'"•Vy^o^S-,^^^Z'^«Z 
t^men ; arms unlirsnched (or [?] forking few 

tiiDes) ; stem square in section, with an axial and 4 peripheral canate (cf. 
LecyiAccrinua, p. 176). Genera — CupregKoaiaiu, Goldfuss (1826; synn. 
HatorriTfia & Cypellocrinvs of Steininger ; aee W. & Sp., 1886, and 
Neumayr, 1889), Devonian, Germany and England (Fig. XCIV.). A 
massive forni with baain-ehaped cup ; IBB fused (by some held to be a 
proximale. Fig. XCIV. 3) ; a stout anii, composed of a few large Br in 
tingle aeries, rests on a facet the full width of each R ; large ambulacrals 
cover the arm-grooves and are taken for pinnules by Zittel ; the solidity of 
the close-fitting arms renders a plated tegmen unnecessary, but the 5 orals 



C^ inJUrtttt, couipLet 




■ra the lunuai (p-B) lor omim 
of lh« v«pt»r RToove uUrec thin 



chanuil«ristic of Cyathocrinoidea are retained as a frame ("consolidating 
apparatus " of authors) around the ventral surface of the cup, post. O 
being larger than the others and pierced for the rectum (Fig. XCIV. 2). 
MyrtiUoerinui, Sandberger (1855, syn. Aneyrocrinus, Hall, see p. 134, 
Fig. LI.), Devonian, Germany, and N. America ; may have closer affinities 
with Oastcrucomidae. FauiltIO. Gabterocouidae. Cyathocrinoidea with 
anus in side of cup, at a level varying with the genus, either above or 
below X, which is always within limits of cup. Arms apparently small, 
borne on a narrow horseshoe -shaped facet, with distinct axial canaL 
for most part covered by Amb, poat.0 a large madreporite. IBB snisll, 
often fused into 3 plates or 1. Stem usually of Cupressocrinid type. 
Genera — Gagterocoma, Ooldfuis (1839, W. & Sp., 1686 ; Jaekel, 1896 ; 
synn. Epactocrinut and Cerainocrinut, 3. Midler, 1855), Devonian, Ger- 
many ; anus below x, which is in line with KR ; IBB fused into one. 
Nanocrinut, J. MuUer (1866, Schultze, 1867), Devonian, Eifel ; like 



178 



THE CRINOIDEA 




Fio. XCV. 
Analysis of cup of Achrvidoerinui 



OcuUrocoma, but ant K small, without facet ; r. ant R with 2 facets. Scolto- 
crinus, Jaekel (1895), Devonian, Eifel ; still more bilateral, in that ant 

and L ant RR are larger than the rest, and 

alone bear arms ; anus below r. post R, 

^/'"^^j^^^j^Ss^S.^V.^V^ and X between post B and r. post B. 

\^\7t7 V^L>x Achradocrinus^ Schultze (1867X Devonian, 

^r^O O O O O Ei£^i (Pig XCV.) ; x below anus, and 

resting on post B ; IBB 5 ; stem round, 
with single canal. Hypocrintts^ Beyrich 
(1864), Carboniferous, Timor ; differs from 
Achnulocrinus in having IBB fused to 3 ; referred by most authors to 
Cystidea Aporita. 

Sub-Order 2. Dendrocrinoidea. Dicyclica Inadunata with a thin 
flexible tegmen, or with the ventral surface almost entirely occupied by 
a large anal tube or ventral sac (the latter name being needed if the 
extension contained more than the mere rectum) ; orals inconspicuous or 
entirely atrophied in the adult ; no madreporite ; radial facet often wide, 
so that the distinctness of arms from dorsal cup is not maintained ; arms 
dichotomous, the dichotomy often irregular, leading up to a pinnulate 
stage. 

Whereas the genera of the Cyathocrinoidea all have the arms either 
quite distinct from each other above the level of the patina, or at least 
not united by supplementary plates, the Dendrocrinoidea gradually attain 
a stage of development in which the arms are thus partially united. 
Below this stage we may draw a somewhat arbitrary line, separating the 
former as a grade, Distincta, from the latter grade — Articulata. This 
line happens to correspond with the break between Palaeozoic and 
Mesozoic time. We deal first with the Dendrocrinoidea Distincta. 
Family 1. Dendrocrinidae. Dendrocrinoidea with regularly dich- 
otomous, non-pinnulate arms, with anal x, and large RA in its 
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Merocrinus. 
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Homacrinus. P^"- XCVI. ThcnanyrrinvLS. 

Dendrocrinidae. Analyses of cups. 

primitive position as inferradial (Fig. XCVI.); stem quinquepartite. 
Genera — Merocrinus, Walcott (1883), Ordovician, N. America and England, 
resembles locrinus (p. 145) in all but the presence of IBB ; anal tube sup- 
ported by the left shoulder of r. post R«. Ottawacrinus, W. R Billings 
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(1887X Ordovician, Canada ; x rests on post B, RA immediately above 
r. post B ; r. post 'Bis is above general level of RR and may be IBr^. These 
two genera suggest that RA of Dicyclica may not be strictly homologous 
with RA of Monocyclica. Dendrocriniu, Hall (1852), Ordovician and 
Silurian, N. America ; large anal sac with folded plates making wide anal 
area in cup (see also Fig. XXVI. 2, 3). Homocrinusj Hall (1852, em. 
Bather, 1893), Silurian and Devonian, N. America and Europe ; RA 
rhomboid and smaller. ThenarocrinvSy Bather (1890), Silurian, England ; 
large sac, anal area widened by RA sinking between BB. Family 2. 
BoTRYOCRiNiDAS. Dendrocrinoidea with arms bifurcating in two main 
rami with armlets or pinnules ; RA usually small and quadrangulai* 
or absent. This family connects Dendrocrinidae with Decadocrinidae, 
and it is difficult to diagnose it so as to include all of the closely 
related forms. Genera — Botryocrinus, Angelin (1878, em. Bather, 1891 ; 
syn. SicyocrinuSy Aug.), Silurian and Devonian, Gotland, England, Canada ; 
small RA, large anal sac, often coiled ; arms range from irregularly 
dichotomous, through ramuliferous, to pinnulate (Fig. XCVIL, see also 
Figs. III., XIII., and XXL). Gothocrinm, Bather (1 893), Silurian, Gotland, 
has a cup like Dendrocrinus with ramuliferous arms. MastigocrinuSy 
Bather (1892), Silurian, England, has very long, finely dichotomous arms, 
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Fig. XCVII. Fig. XCVIII. 

Analysis of cup in Botryocrinus. AnalyuiB of cup in AUlesU)cnnus. 

no RA (for anal sac, see Fig. XLVIIL). Gastrocrinus and EhadinocrinuSy 
Jaekel (1895), Devonian, Germany, are, respectively, like a Botryocrinus 
with cirri in whorls of 5 (Fig. XVII. 1), and a Gothocrimis with minute 
ramules. CosmocrinuSy Jaekel (1898), Devonian, Germany and N. America, 
has broad cup of Botryocrinus type, arms pinnulate, and with ramuli on the 
inner side of the two main rami. Vasocrinv^y Lyon (1857, em. W. & 
Sp., 1879), Devonian to Carboniferous, N. America, scarcely differs from 
Botryocrinus. BarycrinuSy Meek & Worthen (1868, em. W. & Sp., 1879), 
Carboniferous, N. America and England, has heavier cup-plates and large 
stem-lumen. GoniocrinuSy Miller & Gurley (1890), Waverly Group, 
Iowa, has no RA, and has cirri like Gastrocrinxis, AtelestocrinuSy W. & Sp. 
(1886), Carboniferous, N. America, is distinguished by absence of an arm 
from ant R; large RA supporting rt (Fig. XCVIII.) ; arms ramuliferous. 
Streptocrinus, W. & Sp. (1886 ; redescr. Bather, 1893 ; syn. OphiocrinuSy 
Ang. nan Salter), has branched arms, coiling inwards, with pinnule-like 
processes arising irregularly from sides of Br ; no RA, anal sac coiled. 
Family 3. Lophogrinidae. Dendrocrinoidea with only 1 ramus to each 
arm, with ramuli springing from the alternate sides of every second Br ;_ 
with no RA, but x supporting on its shoulders 2 plates of a delicate 
anal sac. Genus — LophocrinuSy H. v. Meyer (1858 ; redescr. Jaekel, 
1895 ; syn. 1 Carduocrvnusy v. Koenen), Upper Carboniferous, Germany. 
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A similar evolution of arm-structure to that seen in Botryocrinidae 
produced a long series of genera with pinnulate arms, for the most part 
clearly forking into two rami, and rarely branching more than once 
again, but in some genera branching more often. All at first had an 
anal area more complicated than that of Dendrocrinus, in that a fresh 
plate (r<) was inserted between x and r. post R so as to rest on RA, 
while a corresponding plate (/<) appeared on the left of x. Family 4. 
ScAPHiocRiNiDAE ( = Poteriocriuidae, Auctt., greatly restricted). Dendro- 
crinoidea with dichotomous, usually much branched, pinnulate, stout arms, 
with facet occupying nearly full width of R ; with z, RA, ri^ and U^ in 
anal area of cup, supporting a large plicated sac (Fig. XCIX.). Carbon- 
iferous of N. America and Europe, a few Devonian. Genera — Scaphio- 
crinus, Hall (1858, em. W. & Sp., 1886 ; synn. Hydriocrinus^ Trautschold ; 
Ahrotocrinus, Mill. & Gurl.), and PoteriocrinnSy Miller (1821, em. W. & Sp., 
1881), differ in little but the greater definitenesa and less width of the 
facet in the latter ; each has a long anal sac (Fig. XX VI . 4). Woodocrinus^ de 
Koninck (1854 ; synn. PhilocrimiSy de Kon. ; Pachjlocriniis, W. & Sp.), has 
shorter cup, arms, and sac. In Aulocrinus, W. & Sp. (1897), the sac forks. 
Zeacrinus, Hall (1858, em. W. & Sp., 1886), has a short, stout sac, aroimd 



Poteriocrinuft. Via. XCIX. Zeacrinus. 

Scai>hiocrinidac. AnalyseH of cups. 

which the wide arms fit closely. CoeliocrinuSy White (1863), and Hydreiono- 
crinus, de Kon. (1858), differ from Zeacrinus in having the sac respectively 
balloon-shaped and mushroom-shaped. BursacrinuSy Meek & Worthen 
(1861 ; syn. Synijphocrinus, Trautschold), has arms like Zeacrinus^ but no 
anal except x in the cup ; it is in the latter respect the morphological 
equivalent of Graphiocrimis (infra). Family 5. Scytalecrinidae. Den- 
drocrinoidea with forked, pinnulate, slender arms ; anal structures as in 
iicaphiocrinus. Genera — Scytalecrinus, W. & Sp. (1879, syn. DactylocrinuSy 
Sladen non Quenst.), and Decadocrinus, W. & Sp. (1879), both Carboniferous, 
differ chiefly in shape of cup, conical in the former, saucer-shaped in the 
latter, which thus leads on to : Family 6. Graphiocrinidae. Dendrocrin- 
oidea with forked pinnulate arms and saucer-shaped cup, concave at base, 
and containing z, but no RA (Fig. C). In many points resemble th§ earlier 
Encrinidae, but have not such thick cup-plates or large muscle-fossae. 
Middle and Upper Carboniferous. Genera — Graphiocrinm, de Koninck 
(1853), Aesiocrimis, Miller & Gurley (1890), Delocrinus, Miller & Gurley 
(1890 ; syn. CeriocriniLSf White non Desor). In this and the succeeding 
families the biserial ariangement of Br first assumes prominence ; it had 
.already appeared as an occasional gerontic character at the distal end of 
the rami, but now is found in all except their most proximal portions, 
accompanied by shortening of the arm. Family 7. Cromyocrinidae. 
Dendrocrinoidea with simple or bifurcating, stout, pinnulate, usually 
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biserial arms ; with cup- bowl- or saucer-shaped, composed of stout plates, 
RR having muscle-fossae gradually more pronounced ; with x always, and 
RA usually, present in cup, RA often supporting ri (Fig. C). There is 
much confusion in the nomenclature of this and allied families, and the 
following names may not be used in what will ultimately prove the correct 
sense. Genera — CromyocriniiSy Trautschold (1867), and EupachycrinuSy 
Meek & Worthen (1865, em. W. & Sp., 1886), Middle and Upper Car- 
boniferous, Europe and N. America, are closely allied ; x, RA, and rt in 
anal area. AgasnzocrimiSy Shumard ex Troost MS. ( 1 8 5 3 ; syn. Astylocrinuif, 
C. F. Roemer), Easkaskia group, N. America, is a Cromyocrinus that loses 
its stem in adult life, while IBB fuse to a solid mass (cf. EdriocrinuSy 
p. 191). Tribrachiocrinus, M*Coy (1847, redescr. R. Etheridge, fil., 1892 ; 
syn. Pentadiay Dana, pars), Permo-Carboniferous, Australia, has 1. and r. 
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ErUocrinus. Fk;. C. Trihxu:hlocrinuf. 

Analyses of cups of Oraphiocrinidae, Groinyocrinidae, and Encrinidae. 

pairs of IBB fused ; single arms borne by ant., r. post., and 1. post 
RR ; whether the other RR bore arms is a moot point. Phialocrinus, 
Trautschold (1879, em. R. Etheridge, fil., 1892, 7ion Eichwald ; syn. 
Pentadia, Dana, pars), Permo-Carboniferous, Australia, Russia, India ; 
differs from Aesiocrinus and Ceriocrinus in little but greater thickness of 
cup-plates, especially RR, and has, as they, only x in cup. Ulocrinus, 
Miller & Gurley (1890), Upper Carboniferous, N. America, has large 
RA, but very small x, which rises partly above level of RR (Fig. XXIX.). 
From these genera we pass almost insensibly to : Family 8. Encrinidae. 
Dendrocrinoidea vnth. forked, pinnulate, biserial arms, saucer-shaped cup, 
with stout plates and well-developed muscle-fossae ; with no anals in cup, 
and with sac diminished or absent (Fig. C). Genera — St^imatocrinuSy 
Trautschold (1867), Upper Carboniferous Limestone, Russia, has IBB fused 
into one. Erisocrinus, Meek and Worthen (1865), Lower to Upper Car- 
boniferous, N. America, has 5 small IBB covered by the stem, and x rests 
on upper surface of adjacent r. and 1. post RR. EncriniiSy C. F. Schulze 
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(1760, synn. Chdocrinus and [1] Calathocrinus, v. Meyer, FlabeUoaintUy 
Klipstein, [J] Cassianocrinv^f Laube, [?] Traumatocrinus^ Wohrmann, which 
^PoTOcrinus, Dittmar non BilL), Trias, Europe, has 5 minute IBB, a 
lofty plated tegmen, small tube, but no distinct anal plate. 

Another line of evolution, probably continuing that of the Qraphio- 
crinidae, introduces the Articulate Qrade of Dendrocrinoidea, of which 
the most important family and the first to appear is the Family 9. 
Pentacrinidae. Dendrocrinoidea with pinnulate, uniserial arms, forking 
once or dichotomising many times, either regularly, or irregularly so that 
the minor branches become pinnulate ramuli; with a small, usually 
depressed patina, in which IBB are often minute or atrophied in adult 
(pseudomonocyclic, or, as Bigot has recently expressed it, ''cryptodi- 
cyclic '0 ; but the flexible tegmen extends some way up the arms, so 
that the proximal IBr, and sometimes some IIBr, are incorporated loosely 
in the dorsal cup ; a slight anal tube or cone, but no distinct anal plates 
in either cup or tegmen ; stem x)entagonal or sub-pentagonal, usually 
with cirri in whorls of 5. Genera — Dadocrinus^ v. Meyer (1847 ; see v. 
Koenen, 1887-95), Trias, Middle Europe, has a round or sub-pentagonal 
stem without cirri, pinnulate arms forking once, 2 IBr, which are united 
by several small iBr. Holocrinus, W. & Sp. (1886, em. Jaekel, 1893), 
IMas, Germany, has whorls of cirri, slender arms forking once, 3-4 IBr, 
not united by iBr, but tegmen stretches up to about IBr, cup high and 
constricted above. The family characters become more definite in later 
forms, which may be associated as a Sub-Familt — Pentacrininae ; IBB 
always minute or atrophied ; stem bears cirri in whorls attached to the 
epizygal of a syzygial pair ; its intemodes transversed by 5 ligament- 
buudles, which are interradially disposed and give rise to a more or less 
petaloid figure on the joint-faces ; root-attachment may exist in young, 
but is relinquished in adult (Fig. CI.). Genera — PentacrinuSy Blumenbach 
(1804 ; synn. Polycerus^ Fischer, 1811, pars ; Extracrinus^ Austin, 1847 ; 
[?] GhladocrinuSf L. Agassiz; see especially Quenstedt, 1875), Lias and Jura, 
Europe. Petaloid sectors of stem linear with delicately crenulate edges ; 
cirri elliptical or compressed in section, in close-set whorls ; IBB present in 
adult ; KB prolonged downwards over proximal colunmals, the prolonga- 
tions being jointed ; each arm has at least 4 rami with large pinnulate 
ramules on one side only. Isocrinus^ v. Meyer (1837 ; synn. /««, Lin- 
naeus, pars ; CainocrinuSy Forbes ; PicteUcrinus, de Loriol ; Cenocrinus and 
Neocrinusy Wyv. Thomson ; and Pentacrinus, sensu P. H. Carpenter^), 
Trias to Recent, now chiefly Caribbean and Pacific Sectors of stem dis- 
tinctly petaloid, with coarsely crenulate edges ; cirri circular in section, 
the whorls further apart (Figs. XVI. 4, 5 ; XVII. 2, 3) ; IBB are visible 
in various Jurassic species, but become obsolete in later times (cf. Fig. XL) ; 
BB may form a complete circlet (on which feature Gainocriniis was based), 
or may be minute and separated by RR ; IBr 2, non- pinnulate ; arms 
isotomous or nearly so ; sacculi occur sparin^'ly. See Guettard (1761), 
J. Muller (1843), P. H. Carpenter (1884), and Fig. XXIII. 3, 5, on p. 117. 
BalanocrinxLSy Agass. in Desor (1845 ; em. de Lor. 1879), Trias to Eocene, 

' Carpenter chose to ignore all writers on Crinoidca before J. S. Miller. For 
the history of these names, see Xalural Science, April 1898. 
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has columnala of circular or baiaUifonn aection, with crenellatione round the 
edge only, aot along the sides of the eectors. A tMtiiiomntM, de Loriol (1869), 
CrataceouB ; columnalB have a joint-eurtace like that of Iiocrinui, but with 
finer striae radiating from the petals to the circular periphery. Mel<Krij»u, 
P. H. Carp. (1884), W, Pacific, differs from Isocrinui in having 5-8 IBr, 
□f whicli IBtj „d a always, and IBr^ „d „ usually, are united by ayzygy, 
while each, except IBrj and the li3rpozygals, bears a pinnule ; BB form a 
complete circlet The members of this sub-family live in colonies, but 
can move about and anchor by the cirri at the distal end of the st^m. 







The stem ia least specialised in BaianocHmu, most in Penlacrinut, in 
which it attained a length of 18 feet (Quenstedt thought 70). Fahilt 
10. UiSTAORiHiDAE. Dendrocrinoidea in which the arms fork once on 
IBfj, are long and pinnulate, with numerous syzygies, and are incor- 
porated in their proximal regions, together with proximal pinnules, in 
the dorsal cup, by means of iBr, illBr, and interpinnulara ; there is 
no stem, but a centraJe. Genus — Uinlacrinaa, Grinnell (1876), Upper 
Cretaceous, N. America, Germany, and England (Fig. CIII.), has a rela- 
tively large flexible theca and long arnia. It was free-swimming and 
possibly pelagic. IBB usually obsolete. For detailed account, see Bather 
(1896). Familt 11. Marsupitidae. Dendrocrinoidea (?) with pinnulate 
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wins, short in proportion to cup, bome on a sharply defined radial facet, 
and forking on IBr^ (further branching unknown) ; they are loosely 




united by iBr, but do not merge in the dorsal cup. Cup laige, com- 
posed of S RR, 5 BB, 6 IBB, and a large centralc, with no trace of a 
stem. OenuB — UartufiXti, 3. S. Miller e\ Mantell MS. (1831 ; synn. 





Sni'tii Brit. MiiH. ipxclinen. EttdlH). x j. ■•, tlic ndlalB kiid proiliiial rniiaij uT Iliu arms trnjiii 
rit. Miu. MSi), ii*t. >iu. C, CHiiInlv: /, fulcra] >i<!gn «[ nulUil hcot ; p. i>iiiiiiiles : f. 



Situliirta, Cumberiond ; Martupiocrinus, de Blaiiiville), Upjier Cretaceoup, 
England and Germany (Fig. CIV. ; see nlso Fig. XVII. 4). The relations 
of the genus are pot yet clear. Faiiilt 1£. Batrtcrimdae. Dcndro- 
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crinoidea (?) in which the arms fork once on IBr, ; IBr , .^d ^ and bU 
IIBt, except IIBr^ ^ kbA v ^^^ united in pain by liifiwcial articulation 
(opidi Carpenter, see Fig. KXIII. 2), which may become syzygial (ajwrf 
Danielasen) ; only the diatal brachial of each pair bears a pinnule, and 
there arc no pinnules on the first few pairs ; the arma are loosely incor- 
porated in the cup to half-way up lIBr, ; lax has large muscle-fossae on 
strong wing-like processes (cf. Fig. XVtll. 6). BB fused in adult to a 
single discoidal ossicle ; BR also become closely united ; IBB obaolete. 
Interambulacral areas of tegmen contain 
scattered small plat«a, and sometinies each 
has a large plate, which may be an oral. 
Columnals d icebox -shaped and twisted, 
with bifascial articular surfaces ; each 
said by Danielssen to be formed by 
fusion of two columnals ; thoee in tlw 

lus — 
£a(A^?ji«, Wyv. Thomson (1872; see 
P. H. Carpenter, 1884, and Danielssen, 
1892; syn. /I^frtniu, Danielssen & Koren, 
1877), North Atlantic and Southern 
Ocean, at 750-1500 fathoms (Fig. CV.). 
Carpenter places tbia in the Bourgueti- 
crinidae on the grounds of its resem- 
blance to BhvoKTiKm, while admitting 
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that "the differeiiccB l)ttween the two genera are much greater than 
their resemblances." If the absence of a proximale have the value 
cLiimed for it by Wachsmutb k. Springer, the two genera muet go into 
different orders. The interradiol axiitl nerve-cords correlated with the BB 
fork first within the sutures between KB, and, in Carpenter's opinion, the 
basi-radial strands take the place of a ring-commissure ; but Danielssen 
describes a ring-commissure (see Fig. CVl.). There are 3 water-pores 
in each IR. The crown separates very easily from the BB and stem, 
and may be replaced by a fresh crown (Fig. CV. 2). Sacculi occur. (See 
also Fig. LIIL) 
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Order 2. Flexibilia, Zittel 
( = Articulata, "W. & Sp. ivon Miiller). 

DicycUca in which proximal Br are incorporated in the dorsal cup, 
either by their own sides, or by iBr, or by a finely plated skin, but 
never rigidly ; plates may occur between BR. Tegmen flexible, with 
distinct Amb and numerous small iAmb ; mouth and food-grooves remain 
supra-tegminal and open. The top columnal is a persistent proximale, 
often fusing with IBB, which are frequently atrophied in the adult. 
Arms non-pinnulate (Grade Impinnata), or pinnulate (Grade Pinnata), 
but always uniserial. 

As in the case of the Distincta and Articulata among the Dicyclica 
Inadnnata, so the line between the grades Pinnata and Impinnata corre- 
sponds roughly with that between Palaeozoic and Mesozoic time. But 
in the present order the grades are more self-contained and the gap 
between them greater. In fact, we are by no means certain that they 
are rightly described as mere grades ; in other words, that the Pinnata 
are the lineal descendants of Impinnata. The two divisions may have 
arisen from Inadunata independently, springing from pinnulate and non- 
pinnulate forms respectively. 

Grade 1. Impinnata. 

Flexibilia, in which all plates of the crown are united by loose 
suture or muscular articulation. IBB 3, the primitive r. post remaining 
as the small unfused IB. Br usually united by waving sutures, the lower 
edge of each frequently with a projection that fit^ into a depression on 
the plate below, and often becomes a separate patelloid plate. Arms 
isotomous, or rami may bear ramules on one or both sides, but no 
pinnules. Ventral groove wide and shallow ; axial canal separated from 
it in proximal region. 5 0, between which food -grooves pass to the 
mouth. Stem round ; proximal columnals very short, and usually wider 
than the others. 

Many of the earlier genera can be distinguished from Dicyclica 
Inadunata only by the greater thickness and more elaborate sutural 
union of their plates, and the greater width and less length of the arms. 
It is the combination of massiveness with flexibility that characterises 
the Grade. There is never an elaborate anal sac Within the Grade 
Impinnata can be traced the evolution of heterotomous arm-branching of 
two types, also an increase in number of iBr. The genera seem to 
merge into one another, and are as yet too ill-defined to be grouped into 
families on a sure genetic basis. The following arrangement represents 
similarities of structure rather than lines of descent. 

Family 1. Ichthtocrinidae. Impinnata with no iBr, with isotomous 
arms, closely abutting by their sides. Genera — Pycnosaccusy Angelin (1878; 
syn. Oneocrinus, Bather), Silurian, Gotland, England, and N. America, has a 
cup like that of Barycrinus^ with x and RA, and with strong axial folds 
(Fig. CVIL); arms, though abutting above, are distinct below and do 
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not interlock ; coluiiinals solid, moniliforni, alternating in thickness. 

Lirtinocrinuf, Hall {1B52), Silurian and Devonian, N. America and Europe, 
(liffetB only in greater unoothneBa of 
cup and approximation of arms, 
which may even interlock by the 
alternating edges of the Br. Cyrtido- 
criniu, Angeliu (1878), only known 
from cap, which appears to be like 
that of LfaiiioeTiniit, but is said to 
have 4 BB. Glidochinu, Ang. {1878), 

Silurian, Qotland ; arms abut, hut do not interlock ; no RA, but 3 anals 

in vertical Beriea rest on truncate post. R MespUocrinui', de Koninck 

(1853), Lower Carbon if eroua, Belgium, England, and N. America, diffeis 

from laat-raentioncd in having each arm curved 

over to the right, so that they all fold with a 

sinistral twist (as seen from above) ; IBr^ wedge- 
shaped, broader on left, Nipterocrintti, Wachs- 

muth in Meek & Worthen (1868), Carboniferous, 

N. America, should perhaps come here. IcIUhyii' 

(rinai, Conrad (1842), Silurian, N. America and 

Europe, has no anals ; amig abut all ronnd and 

interlock by edges of Br (Fig, CVIll.). Family 2. 

Oazackikidae. Impinnata (!) with a single large 

iBr in each interradius, the posterior (anal) resting 

on truncate edge of large post. B ; arms isotomous ; 

tegmen of 5 O of Cyathocrinoid type, surrounding 

a peristome which is covered by fused proximal 

Amb, and supporting Amb along Iheir edges ; 

food-grooves fork on the tegmen (Fig. CIX.). 

Oenna — Ga^crinus, S. A. Miller (1892 ; syn. 

Idioeriim*, W. & Sp.), Silurian, N. America, is ^'^''t^™'"™' ^ 

referred to the Camerate Family Dinierocrinidae *' - • <' ' ' 

by W. & Bp. (1897). Its dorsal cup does not differ essentially from that of 
■ " * a (ii(/rn), but the number of IBB is uncertain. The tegmen, 




'. CVill. 
IrliOitiorrinMi piriJOrmis. 
d from Bril. 
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scarcely of either Flexible or Camerate type, suggests recent descent from 
Inodunala. Family 3. Taxocrinidae. Impinnata with iBr, which nnuJly 
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ue few and have the proiimal larger than the rest ; with j»utomous 
arms which may abut but do not interlock ; anals form a well-defined 
vertical aeries. Genera — Gnorimorriniia, W. & Sp. (1879, em. Bather, 
1899), Silurian, Qotland ; arms distinct, with 0-4 email iBr, and 
aometimea a few illBr; post. B reaches up to t«p of patina, between 
it and r. poet. B ie a RA, supporting the greater part of i, which bears 
a vertical aeries of 1 or 2 rows. Anix)crin\x» Angelin (1879), Silurian, 
Oodand, has abutting but not interlocking arms, a verj large proximal 
iBr, with small triangular piece above ; x differs from iBr only in 
resting on truncate edge of large post. B ; no RA. raiwriniw, Phillips 
in Monia (1843; synn. J(omn«», Phill. noti v. Meyer; Cladorriniie, 
AoaUn non Agass. ; Eunjaleirijme, AuBt. ; Forbmocrimis, de Kon. non W. 
ft Sp.), Silurian to Carboniferous, Europe and N. America, has arms 
more distinct, with few or no iBr, and occasional small illBr and illlBr ; 
anala form a vertical series resting on truncated post. B, and seem to 




Dti|;Tiuiu ol the inn-biiinctiinB Id TuocrlnidBS and Daftrlocriiildif. 
1, TiaocHnui IvbercuLitta : 2, Lidiocrin'ia ,- 3, CalpiocrtitiU ; A, iMctyln- 
eriMu,- a, StrnerocTiitBt : 6, OnjfduicHrtiu tiscuiptua. Tbeaadu not tornx 



have supported a small free tube (Figs. CX. 1, and XXXVII.). Homato- 
erinut, Ang (1878), Silurian, Gotland, has very small BB, abutting arms, 
lai^ proximal iBr, followed by 1 or 2 in vertical series, occasionally 2 
illBr, anals as iBr but resting on post. B ; eice])t for the isotoniy of its 
arms, this genus closely I'esembles Oalpiomniis. Famii.t 4. Dacttlo. 
CRINIDAE. Impinnata with iBr either few or numerous ; with hetero- 
tomouB arnis, the rami bearing ramules; with annls in vertical seiies. 
Genera — Calpiommti, Ang. (1878), Silurian, Gotland and England, lias 
minute often obsolete IBB, but fairly large BB ; iBr few and variable, 
illBr occasionally present ; anals 3-5, x resting on the small post B ; the 
IIBt rami bear unbranched ramules on their inner sides, the proximal 
ramule much larger than the rest (Fig. CX. 3). Lithocrinvi, W. & Sp. 
(1879, emend. Bather, 1899; syn. Forbcfiioainiu, Aug. non. de Kon,). 
Silurian, Gotland, differs from Calpiocrinut in larger size of BB, greater 
number of iBr, branching of ramules ; the latter characters make the 
arms leu apposed to one another (Fig. CX. 2). Dactytorrinut, Quenstedt 
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(1876, based on Dimetocnwu oligoplilvt, Pacbt ; probably iucludea Arido- 
erinitt or CcilamaycnHiu, Rowley, 1895), Siliirian(t) and Devonian, 
N.-W. Europe and N. America; iBr few, proiimal large ; x re»U on Urge 
truncate post. B, a little to the right, and supporti numeroua smaller 
platea in somewhat irregular vertical series ; the IIIBr nuni bear ranmleB 
on the sides towards the middle of the dichotom, the proximal ramule 
brandies again (Fig. CX. 4). 
Synerocrinua, Jaekel (1887), 
Carboniferous, Europe, haa arms 
like Dadylocrinvt, except that no 
ramules branch ; it also differs in 
having 3-8 iBr, perhaps more, with 
occasional illBr and illlBr ; r rests 
on post. B (Figs. CX. 5, and CXL> 
This genus probably includes the 
Belgian species erroneously referred 
by de Konlnck to Taxocrin^u tiobilU 
when erecting Forbeeioerinut. Euryo- 
rnnui, Phillips (1836), Carboni- 
ferous, England, is probably a close 
ally, but its arms are not well 
known. Onyrhocrintu, Lyon li 
Casseday (1859), Carboniferous, N. 
America and Ireland, has a large 
proximal iBr followed by sm^ 
plates, often namerous, merging 
with the tegmen and ventral cover- 
ing of the arms, but leaving the 
arms more free than usual in the 
sub-orJer ; IIBr rami bear branch- 
ing ramules, either along each side 
or in clusters at end, but the 
heterotomy is always bilateral, not 
rit Kia. unilateral as in all the genera just 
iIi'iil' 3, i mentioned — a fact su^'esting that 
'"'J'f''"'' Otiyrkorriniis should fonu a distinct 
B, luiiH, family or, at least, Bub-family (Fig. 
'i CX. 6) ; anals 3-5 resting on posL B 
I (see also Fi;;. XVII. 4). Family 6. 
iMt^B*^"™*"''""'"^'' ''""'"'"" "'"" Saoenocrinidab. Impinnata with 
over 20 iBr, 6 or more illBr, and 
variable number of illlBr; arms isotomous or almost so, to VlBr 
or beyond ; anals not a distinct series, hut represented by greater width 
or number of iBr in post. IR Genera — Siigmocrinut, Austin (1843), 
Silurian, Europe and N. America, has RA sunk between post, and 
r. post BB, so that proximal iBr is supported between post. B and RA 
(Fig. XXIVa). In " Forhtnacrinut Agaxsizi," Carboniferous, N. America, 
which may be placed in this family, post. 6 supports 2 iBr, and there 
are considerably more iBr in this IR. PatcUoid plates are richly 
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developed, but are abeent fiom Saseiuxriiiut. Otberwue the two genera 
agree doHel;. , 

The following genera are placed proTiBJonallj in the Inipinnata :— 
ftfa-iomntu, Hall (1859), Devonian, N. America (Fig. CXJI.), when young 
ii attached by BB, but ie 
&ee- floating io adult; BB 
become fused into a bowl- 
shaped mass, supporting 5 
HR and z ; arms broad, with ' 
low Br, iaotomous. Cfleio- 
avnui, E. Billings (1666 ; see 
W. & Sp., 1886), OrdovicioD, 
C^ada ; IBB and BB hidden 
by stem ; RB small and aepa- 
tated by a large pentagonal 
intemdial \ arma isot«moue to 

about VIIBr, and all appear _^_^ 

to interlock and to be joined 1 rafetn'or ndiaii. 

by doae suture ; post. IR eup- 

porta a vertical series of anala, wbich reach the fuU length of the arms. 
£hopaIaenniM, W. 4 Sp. (1879), is baaed on " ItwocrirttM gracilin," 
Schultze, Devonian, Eifel ; it perhaps belongs to Dicyclica Inadimala. 

Grade 2. Pinnata. 

Flexibilia with BB and RR united by close suture, RR and proiinial 
Br by muscular articulation or syzygy ; pseudomonocyclic ; arms pinsQ- 
late and either simple or isotomouB ; axial canal Beporate from ventral 
groove throughout ; lai ia generally IBr^, rarely IBr^ ; 5 O present in 
early stages and sometimes in adult, but usually atrophy ; anala do not 
form part of the dorsal cup in the adult. Stem round, pentagonal, or 
ellipticat in section, proximal columnals often forming a widened cone. 

This group is con&ned to Meeozoic and later time>>, and there ia no 
evidence that it is descended from the Palaeozoic Impinnata ; it may be 
an offshoot from Triassic Dicyclica Inadunata, from which it is dis- 
. tinguisbed by the mode of growth of the proximal coliminals. 

Family 1. Apiocbisidae. Pinnata in which the patina conaiats of 5 
BB and 5 RR; arms incorporated to a very variable extent in the cup, 
and IBr may be present ; columnals round or pentagonal in section, tbeir 
joint-surfaces marled with radiating striae, and sometimes tubercles in the 
middle ; no cirri ; root, when present, encrusting. (For fossil forms, see 
de loriol, 1883.) Genera— AfiWenmniui, d'Orb. (1840 ; synn. CVriomtiu* 
and Pomatocrintu, Desor ex Konig), Trias (I) to Lower Cretaceous, Europe ; 
IBr^ united to R by muacular articulation, and to lax by close suture ; arras 
isotomous, free from IBr, or proximal Br united by tegmen, or a few small 
iBr developed ; except for the proiimale, the upper columnals are rarely 
widened (Fig. XVII. 7). In some species (Fig. LII.) the crown breaks off 
from the root,the stem is gradually resorbed, and a free- floating st^^ attained. 
Ayiocrmut, Miller (1821), Jurassic, Europe ; IBr, united to R probably 
by ligament, not by muscular articulation, and to lax by incomplete 
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^J^JSy ' IIBr, Qoited to lax by articulation ; arms isotomouii, incorporated 
in cup at least up to IIBr., ; iBr few and iiregiitar ; the upper coIuiudbIh 
widen gradually, and, with the proiimale, form a. cone passing into the 
cup (Fig. XVII. 5, 6). Guettnrditriiiut, d'Orbigny (1840), Upper Juraasie, 
diners from Apiocn'nvs only in the union of IIBr^ to lax by close suture, 
the incorporation of a greater number of IIBr in the cup, and the presence 
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PIQ. CXIII. 
e crown and proxliul portion oF tbe stpiit TroTti tha right 



of more iBr ; it is the acme of this line of development. Acrochordocriniit, 
Trautschold (1859 ; synn. Gijcloarinut, d'Orb. non Eichw. ; Mttpilocrinta, 
Quenst non de Kon.), Jurassic and Lower Cretaceous ; columnala only. 
Calamocrimu, A. Agossiz (1890,-92), 392-782 fathoms, Galapagoe Is. and B. 
of Panama (Fig. CXIII.). Patina distinct, owing to restriction of facet to 
J width of R ; BB tend to be fused ; RR laterally united by ligament ; 
r, and 1. post. RR slightly longer than the others IBr, united to R by 
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moBcalar ftrticulation, and to IBr^ by incomplete syzjgy. Amu hetero- 
tomona; each gives off 5 unbrandiiag rami nearlj as atont as the main 
stem, S to right and 3 
Uleft.orwMti«rwi; the 
first main-axil ia the 
lOth or 11th brachial, 
BQCceeding btanchea are 
at much greater inter- 
vals ; pinnules occur 
below lAi, on IBr^ ^ ^ 
or IBr^. g. T. 9. ^"^ 
being aa a rule epizy- 
gals. There are dis- 
tinct Amb and adAmb, 
both in arms and teg- 
men- The proximal 
region of the arms is 
fixed by the tegmen, 
«o that the grooves of 
the proximal pinnules 
rise from the tegminal 
food - groove (Fig. 
XXIV.). Small iBr 
rest oo flhonlders of RR 
and merge into imper- 
forate iAmb, and these of uiWrior ir 
pass into poriferous "^^^^^^l 
iAmb ; 5 imperforate pionnie ; iic. i 
plates at the interradial ^"^' 
anglea of the peristome are Ulcen by Agassiz for O (Fig; CXIV.). 
Stem long, smooth ; root encrusting (Fifj. CXIII 2) FAUtLT S 
BoDRaDETiCRiNtDAB. Pionata in which the patina consists of & BB 
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formiD^ a cloeed ring and h RR 
with high muBcle-plateB ; arms in- 
corporated to a very slight extent 
is the cup ; and then only loosely 
without development of iBr ; all 
columnals, or aJl except those in 
the proximal region, have ellipti- 
cal joint-Burfaces with a grooved 
and toothed fulcial ridge in the 
long diameter and ligament-foeaae 
on either side of it; each coluni- 
nal is twisted so that the ridge at 
lies at an angle to Chat at the other ci 
may be present at the root end o 
middle of the etem. Sacculi occur 
forms. Genera — Bov,ri}\utiervMa, d'Orbigny 
(1840), Cretaceous, Europe and Alabama (Fig. 
GXV.) ; sides of cup vertical or sloping in- 
wards above ; BB about half height of RR ; 
radial facet small, horizontal, with small 
dorsal ligament -fossa ; iBr, ^^ „ Uterally 
connected with adjoining rays, arma un- 
known ; proiimale enlarged, circular ; cohim- 
nals of proximal region circular, widening 
upwards ; those of middle and distal regions 
twisted, elliptical ; fulcral ridge continuous 
around axial canal, liganienl'fossa broad and 
shallow ; cirri rare except at root Meao- 
tfriivoi, P. H. Carpenter (1881), Cretaceous 
Sweden, Germany ; sides of cup slope out- 
wards ; BB short ; radial facet large, slopes 
npwards to centre, with larger ligament- fossa ; 
arms unknown; proximaie small and circular; 
proximal columnals circular, narrowing up- 
wards ; the rest as in ifoiirgufdmnm, but liga- 
ment-fossa deeper ; cirri sometimes numerous. 
Shvuxnam, M. Sars (1864,-68; 6>Tin. C>>l^a- 
CTWiiM, d'Orb. ; Venuxrinut, Perr.), Eocene 
to Recent ; Atlantic, 73 to (I) 1900 fathoms ; 
sides of cup slope slightly outwards ; Bl! 
high, may be 7 times height of Hit, often 
fused ; radial facet slopes upwards to centre. 
with small ligament - fossa ; IBr, ^^ „ free 
laterally, arms not forking ; proximale thin 
and discoidal ; proximal coluitinalB discoidal, 
those of middle region slender, fulcral ridge 
broken at axial canal, around which the 
ligament-foasa is concentrated (Fig. XLIX. 
7) ; no cirri except at root (Fig. CXVI. ; see 
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abo X., XXIII. 4). Familt 3. Antgdo^idae. Pinnata in which the 
patioa couaiatB of 6 small BB, not forming a cloeed circlet, and KB witli 
large high miucle-plates and facet approaching horizontal ; cavity enclosed 
by RB is minute ; month endocyclic ; proximal Br loosely incorporated in 
cnp ; colamnals aa in Bourgueticrinidae, but usually lost in the adult, ex- 
cept the proximale and adjoining columnala which fuse with one another 
and with IBB to form a single ossicle, the " centrodoreal,'' which bears 
cirri ; root when present, encrusting. and x present in brephic stage, 
but not in adulL Saeculi almost always present. (See structural details of 
Xntofon, Figs. IX, XV., XVIII. 2, 3, 4, XIX., XXX., XXXIII., XL VI., 
XLVII., XLIX. 8, 9, LIV., LV.) Genera^- ntoHiwwtniu, 6tallon (1859), 
Jurassic and OretaceouB of Switzerland, France, and Portugal (Fig. CX VI L) ; 
scarcely differs from Mttixrinm, except in the reduction of BB and 
pTOBence of a cirriferous centrodoreal at the top of the fairly stout stem ; 
our knowledge of thia most important form is due to de LorioL The 
remaining Antedonidae retain the portion of stem below the centrodoreal 
only in the brephic st^e, while their BB further diminish during geo- 
logical periods, their adcentral portions fusing into a small 10-rayed plate, 



Tliible (rrom Brtl. Mm «»->22n). 
iikowlnit bu^a and huts for 




the "rosette," which lies above the chambered organ, and in some species 
of AtUtdon is all that remains of BB. There is also traceable in the aims 
a gradual attenuation and, in many cases, increase of forking, with a 
partial or entire loss of calcified covering-plates. AtiUifoii, de FnJmin- 
ville (1811 ; aynn. Alecto, Leach ; Comatula, Lamarck, pan Htbentula, 
Fleming ; PhytocriMU, de Blainville ; Solaiiocrinua, Goldfusa ; Hyponom*, 
Lov^ ; Oeocoma, Fraas rum d'Orb. ; et nlui). Lies to Recent, almost all seas, 
littoral to 2900 fathoms. Arms fork once or more ; Amb usually present, 
especially on pinnules. The genus is divisible into 9 groups, diifering in 
arm-structure and distribution. Eiuttacrinui, P. H. Cai'p. (188S; syn, 
Ophiocriniu, Semper non Salter), Neocomian (!) to Recent, Pacific and B. of 
Biscay, 60 to 000 fathoms ; differs from Anttdoii only in non-forking of 
arms. Promachocrinui, P. H. Carp. (1879), Pacific and South Sea, 70 to 
1800 fathoms; 10 RR, probably a persistent meristic variation from 
more than one species of Antedon. Family 4. Atblecrinidab. Pin- 
nata with patina of 6 BB forming closed circlet and no rosette, 5 RR 
with high muscle-plates ; arms fork once, IIBr long, with no pinnules 
on first 8 or 16 ; no stem, but acorn-shaped centrodorsal, with cirri 
alternating in 5 vertical double rows ; saeculi present Genus — 
Al^xerintu, P. H. Carp. (1881), Cretaceous (!) to Recent, tropical Atlantic 
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and Pacific (Fig. CXVIIL). FiUIILY 5. Actinoubtridak. Pianata with 
doraal cup and centrodorsBl on tbe Antedoaid plan, bat differing in the 
following points: — Mouth exocjclic and gut mucli coiled, with con- 
sequent laiger cavity between BR, Braall muBcle-plates, and facet approach- 
ing the vertical ; further BBymmetrj shown in unequal and variable 
tegminal food-grooves, and in occasional ungrooved structure of some 
posterior rami, which may be shorter than the rest and without podia ; 
no sacculi ; no calcified Amb ; proximal ptnnulcB have a terminal serrated 
margin — "comb"; centrodorsal discoid, with cirri few, almost limited 
to ita margin, and aometimes atrophied. Genus — j4cttnom«trti, Miillcr 
(1841, em. P. H. Carp., 1887 ; synn. [J] Comniter, L. A^assiz ; GamaUila, 




piTi ; Plianogenia, Lovun), Lower Jurassic to Recent, almost all seis, 
littoral to 800 fathoms. Divisible into 8 groups, differing in ann- 
stnicture and distribution. Family 6. Thaukatocrinidak. Pinnata 
with cup of 5 BB forming a closed ring, and 5 BR separated by fi inter- 
radials resting on BB ; Br not incorporated in cup ; arms do not lark; 
5 0, separated from cup-plates by relatively large iAmb ; no Amb ; no 
sacculi ; nnal tube in post. IR ; post, interradial followed by 5 plates 
in vertical series forming a free appendage (Fig. CXIX.). Qenns — 
Thaumatocrintu, P. H. Carp. (IB83), a unique individual, probably yoong, 
South Sea, 1 800 fathoms. Differs greatly from all other Pinnata ; tbe 
structure of the cup is as in Xeiioerinm (p. 166), the anal appendage is 
paraUeled in some Taxoerini (ct Fig. XXXVIL). 
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Fahilt 7. Edobniacbinidae. Pinnate with patiua of 5 RR only, 
BB haTing been tmt^Kswa by RR and absorbed by a continuance of ioeh 
a proccM aa produced the rosette of AnifAmi. RR united by close mitnie, 
often fiued. IBr, axillary, united to IBr^ by ajzygy or fasion. Rami 
10, robnst, incurring. Stem Bbort % coluninols cylindrical, high, witb 
joint«urlace grsunUte, or marginally striate ; no cirri ; root encrasting, 
lobed. All European (see de Loriol, 
1883, and Jaekel, 1891). Genera— 
£tM)«maerinu4, J. S. Miller (1821 ; syn. 
SymfAytoertniM, Kdnig ( Garyophyllittf, 
Anctt. pre-Linn.), Bathonian to Lower 
Cretaceons C^ig. CXX). Patina cylin- 
drical or dove - shaped, with shallow 
depression for viscera ; radial facets 
■eparated by procesees ; lax rising above 
origin of IIBr into a 3-sided spine, 
which perhaps helped to support the 
tegmen ; IIBr small. Torynocrinw!, 
Seeley (1866 ; synn. Cyrlccriwux, Jaek. ; 
? Hemierinut, d'Orb.), Upper Jurassic to 
Lower Cretaceous ; patina and proximale 
fused, the ventral surface bent to one side 
and bearing stout arms. Gammarocrinut^ 
Qnenst. (1868 ; syn. ScUrocriniie, Jaek.), 
Upper Jurassic ; patina massive, concave 
below, ffymnoeriniu, de Lor.(1879, em. 
Jaek., 1891); Upper Jurassic; lax re- 
markably developed. Pkyllocrimii, d'Orb. 
(1849), Bajocian to Neocomian ; RE have 
small fkcets and long spines. Tarmocriiiju, 
Jaek. (1891), Eocene, and Trigmiocnnus, 
Bather (1889), Oifordian, have verj- 
small radial facets, rounded spines, and 
a deep tubular cup-cavity ; the latter 
differs in the loss and atrophy of certain 
rays. Doliehocrinut, de Loriol (1891 ; 
syn. Tdanoerimit, Jaek.), Upper Jurassic ; 
RB form a tube 10 mm. long, 2-26 mm. 
wide, with interradial re-entrant angles 
at its base ; the radial facets are of 
Bouigneticrine or Antedonid type, and if 
BB were present, as de Loriol supposes, the genus must be removed from 
this family. Fauily 6. Holofodidae. Pinnata with patina of fi RR, 
usually fused, and enclosing a relatively wide cavity. BB presumably as in 
Eugeuiacrinidae. large, surrotinded by a few iAmb. lax fused to IBrj 
in adult, and supports stout, incurved, unbranching rami ; no stem ; 
attachment by base of patina; No sacculi. The arm-structure led Jaekel 
(1891) to combine these forma witli the Eugeniacrinidae. Genera — 
ajIqptM, d'Orb. (1837), Tertiary of Italy, Recent, Caribbean Sea, shallow 
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water (Fige. CXXI. and XXXIV.). Oyaihidixm, Steenstrup (1846 ; syn. 

Mtcrapocrmnt, Michelin), Uppermost Cretaceous to Miocene, Denmark 
and Italy. Fauilt 9. Eddbbicrinidab. 
Pinnata (1) with patina of 5 RR, eucloaing 
funnel-shaped cavity open below, resting 
on a solid maes which may represent 
fused BB or a proiimale. lax articulated 
to IBr^ and supporting 3 stout rami 
which abut on Eidjoining rami. Aiial 
cords lie close to inner walls of RB. 
Qenera — Evdaicrintts, de Loriol (1882) ; 
and CotyUderma, Quenst. (1852 ; syn. 
Cotylrcrinuf, E. Deslongch.), both Lias. 
Jaekel would place these genera near 
the Plicatocriuidae ; they are usually 
referred to Eugoniacrinidae or Holo- 
podidae. 




Orduk 3. Dicyclica Camerata 

( = Camerata, W. & Sp. jiori). 



Fni. oxxi. 

Adult HdBpni BaniFi, rmoi utarior. 

^tom A. AgM«iE, Mfwr p. H. Cupenter.) 

Dicyclica in which all IBr and usually 
IIBr are incorporated in the dorsal cup by iBr, at first loosely, but 
afterwarila by close suture. IBB always the primitive 5. A plate 
always between r. and L post. BR, resting on post, B, and followed by 
others leading up to the anus. Mouth and ambulacra subtegminal. Arms 
pinnulate. 

FahiLt 1. Reteocrihidae. Dicyclica Camerala with RR and Br se}>a- 
rated by supplemGutaiy plates irregular in size, shape, and arrangement, and 
forming depressed intcrradial areaa, the posterior of which is divided by a 
sit^lc vertical series of prominent plate» leading frompostB to the eccentric 
anus. Genus— fofeorriniu!, Billinga (1859 ; see W. & Sp^, 1897), Ordo- 
Tician, N. America ( Fig- C XXII-) ; 2-3 Ifo ; about 6 IIBr, of which the 
pinnules, home from IIBr^ onwards, are also fixed in the interradial areas ; 
the pinnule borne by IIBr^ is in some species represented by a ramus, 
partly fixed ; the rami may branch again after becoming free, and are 
uniseria] or slightly in zigzag ; tegmen a low dome of minute irregular 
plates; stem pentagonal. Fauilt 2. DiUBROCRiniDAE. Dicyclica Camerala 
with BR in contact except at posterior side, with 2 IBr and a varying 
number of IIBr, separated by a large proximal iBr, nhich rests on 
shoulders of RR and supports 2 pistes, usually followed by smaller 
ones merging into iAmb ; post IR wider, and its proiimal plate (anal) 
supports 3 plates followed by others, and leading up to anus, which 
has no tube ; illBr usually present. Genera — I'tychocriniii, W. & Sp. 
(1880, em. 1897), Ordovician, H.America; arms fork twice, are slender and 
uniserialaa in ifeteomniM. OrfAorniiia, Jaekel (1895), Devonian, Germany j 
arms fork once, are free from lax, stout and uniserial. Dimeroerintu, 
Phillips (1836 ; syun. GlypUuter mi Thyaatiofrinm, Hall em. W. & Sp., 
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1897 ; E\kent>m, Ang.), Silurian, Europe and N. America (Fig. CXXIII.) ; 
um8 fork once or twice, are atout, biserial, and directed upwards. Cypiio- 
cnnw, S. A. Miller (1 S92 ; syn. H^iiptiocnmu, W. & Sp.}, Silurian, Indiana ; 




wicbimuth i 

arms fork at least once, are stout, biaerial, and [undent, thus exposing 
^e togmen which is spinous. Family 3. Lajifterocrinidae. Dicyclica 
Camerata with a dorsal cup in general structure like that of Diniero- 
erinidae, but with asymmetry introduced by the 
development of an anal tube and consequent As~~ 
balging of IR, and shifting; of mouth anteriorly. 
All from Silurian, N. America. Genera — 
Lampterocrinm, C, F. Roemer (1860, W. i Sp., 
1897) ; IBB large, anchylosed ; anal tube cen- 
tral ; arms suppled to be 5 rami bearing alter' 
nate rarautes, but are not known beyond IIlBr, 
(Fig. CXXIV.). SiphmocHnus, S. A. Miller 
(1888,em. W.&Sp., 1897); IBB small ; rectum 
forms an asymmetric protuberance below, then 
euTvea subtegminally either lo a central anal 
tube, or right across to an anterior opening at 
or CTen beneath the arm-bases. 

Family 4. Bhodocrisidae. Dicyclica Cam- ^ 

erata with RR separated by a ain^le distinct fron.. __. 

plate in each IR, followed by well-defined iBr 0?;™:^^;^^^,;^.,"''^^^-^ 
regularly arranged (some individuals of Lyrio- C. F. Roemer.) x ]. 
eHnui have RR not quite separated, and 

some specie!! of Diabokerinits have not the single distinct interradial) ; 
the anal area is not always distinct, and but rarely has a vertical series of 
plates. IBr, 8, in all except the rather doubtful Anthmwcrinm. Arms free 
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above IIBi (except in 7%ylaa)cn*niu) ; illBt m&y or ma; not be preoenl. 
The plates of the tegmea are email and uauall; irregnUr. The &iiu1t 
begims in the Ordovician, probably as an independent development from 
Reteocrinidae or similar formB, and runs parallel to the Dimerocrinidae 
through the Silurian, but, unlike them, peraiata to Carboniferous times. 
There is seen in it an increase in definiteness of iBr, and the origin of 
biserial arms, which are usually isotomous but exceptionally bear ramules. 
QeDera^ifAopAaTWCTiniM, W. & Sp. (1866 ; syn. Codocrima, Salter), 
Ordovician, N. America, Gt. Britain, baa uuiaerial h ' ~ 

and illBr. jlreh<MOcnnuj, W. h Sp. 
(1881), Ordovician, N. America, has 
Br in ligiag, numeroua iBr more 
regular in arrangement, with no verti- 
cal series in anal IR (Fig. CXXV.). 
i>io6ofocriniw, W. & Sp. (1897), Ordo- 
vician, N. America, haa the lai^er 
and more regular iBr surrounded by 
supplementary plates ; the anus is 
at the end of a strong, subcentral tube ; 
the arms bear ramules. Li/riocrinue, 
Hall (1S&2 ; syn. Marsupiocrinim, Hall 
rum de Blainv. rue Phill.), Silurian, N. 
America and England, has but 2 rami 

!VBr V^,i 
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to each ray, biserial ; iBr, 1+2 + 1, not always quite separating EB ; 
anal area usually of similar structure, Anlhemocnnug, W. & Spi (1881;. 
Silurian, Gotland, has only one IBr, and the first lai^ iBr is foUoved by 
only 1 or 2 small ones ; the biserial arms fork 2 or 3 times. Diameno- 
ertnua, Oehlert (1891, em. Jaekel, 1695), Devonian, France and Qennany, 
has repeatedly isotomous arms, with Br in zigzag ; 6-6 lIBr, and a loi^ 
narrow series of iBr. Thylac^crinui, Oehlert (1678), Devonian, Fiance 
and New York (Fig. CXXVI.), has arma fixed up to IIIBr and sometime 
IVBr, after which follow long unbranched biserial rami ; Bupptemeotaiy 
plates occur between all fixed brachial series ; atem minute or (?) abeenL 
LdtMiatioeriniu, Tschemyschew (189S,-93), Lower Devonian, Ural, 
appears allied to the preceding, hut base and free brachials are unknown. 
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^w^doeriwM, Zittel (1879, ei Beytich, MS.), Devonian, a«rmaii7, has 
vtont nniserial nmi giving off biaerial romuli on alternate Bides. ^cantAo- 
crmiM, C. F. Boemer (1860, em. Jnekel, 1896), Devonian, Oermany, don 
mot differ greatly from the next genus. Kftwfomntu, J. S. Miller {1821, 
restricted W. ft Sp., 1881), CniboniferoUB and ()) Devonian, Europe and 




OBkilHcriMH. 1. Q. l^Baniu i,-0. dinuniu, W. k Sp.), v«ulnl view, ibowtng tfaa 
"e"'"' ipModigei and the ptoitmil portiom of the arnu emBTging from benmth th«m. 
t, 0. lnAcraudtiu, tha Appendages inoBlly broken off, but more of the ftrms pmBerred. S, O.ai- 
eanliu, abowliia haw tiM Ippendagei at the Buropeati rormi are double when thej liaua bum 
tka U^an. 4, O. fwu, patina Itm,' ' ' 
ariglD, abowlnff centiml csnaT - ■ - - 
■ap at Br'. Other 1e 
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M i«lt«n IB usoaL' (All nrter Wicliarnuth i BprillRer.) X ?. 

N. America ; has a vertical series of anala and isotomous armB, all the 
free parts of which or only the Bnials are biseriaL CondyUxrirtut, 
Gichwald (1869, em. Tschemyachew, 1893), Lower Devonian, Ui»1, 
differs, if at all, in iBr series, which runa^l, 1, 2, 3. Ophiocrinits, 
Salter (1856 ; mm Charlesworth, nee Semper, nK Angelin), Devonian, 
S. Africa, has numerous iBt and several illBr ; IIlBr free and in zigzag. 
OilbeTtsocrinus, Phillips (1836 ; synn. OUaeriniu, Cuml>erlaiid MS.; 
QonuuteToidocritmi, Ly. & Cass. ; TTtmatocrinue, Hall), Devonian and 
Carboniferous, Europe and N. America (Fig. CXXVII.), distinguished by 
small pendent arms, and large, branching, horizontal, hollow extensions 
of the in(«»imbu1acnil areas of the legmen, of nncertain function. 

The following iuo«ffr*ct or indstenninabl* Namw may be ad'le<l to thoss 
alraady qQot«d as aynonyma or iiuxrtac fedit : — 
^delocriaiu, Phillips (1841), Devonian, Britain, is probably syn. of either 

Sexacritma or ArthnuatU/ui (eee Wbidbonie, 1S99). 
Allionia, Hicbelotti {1S^1)> ^yn. at AiUoion. 
Aponxrinus, Auatia (1842), is an Agelacriiiid, Jide laliel on A. ^jraliu in 

Bristol Miiscnm. 
Atpidorrinia, Hall (1859), Silurian, New York ; encrusting root uFa crinoid. 
Atteria, AuctL vett., a Pentacrinoid columns! ( = Fctitaairwi, Agricola). 
Arieriat, Linu. pars (1758) ; syn. of Ajtlfdon and AcCiiumutra. 
A^riatiles, Schloth. (1813) ; A. peiiruUat and A. Tomctua, syn. of Antedoa. 
AsUrotriniu, Miinster (1838), "auB dem Ortliocenititen-kalk bci ElberBreutli," 

if a Crinoid at all, is an Inadunate. 
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Astrios^ Troost, nom. nud. (1850) ; not known. 
Astrocoma, de Blainville (1830) ; syn. of AnUdon and Actinometra. 
AstrocrinuSf Cumberland (1829), ^« Wachsmuth& Springer, not known. 
Astropodiat Llhuyd et Auctt. pre-Linn., for Crinoid arms; but Ure (1797) 

applied it also to various cup-plates, and Defrance (1819) to Apiocrinus, 
Atocrinus, M'Coy (1844 or 1862), Carboniferous, Ireland ; referred to Plat ti- 
er inua by de Koninck & C. F. Roemer, to Cyaihocrinus by AVachsmuth 

& Springer. The former probably right. 
BalaiiocrinuSf Troost, nom. nud. (1850) ; syn. of Lainpterocrinus. 
BohemicocrimiSj Waagen & Jahn (1899), Silurian, Bohemia ; cup alone known, 

probably ( 'nrpocrimis or Desmidocrinus ; RR shajMjd much as in Barrandeo- 

crinus. 
CoUeiflocrinuSj Waagen k Jahn (1899), Ordovician, Bohemia ; like Taxocrinus, 

but ap|»areutly no anal between RK, and no anal ridge. 
CalocrinuSy Steininger (1849), Devonian, Eifel. Dicyclic Inadunatc ; IBB fused ; 

no anal ; perhaps a Cvpressocrinus. 
CampanuiiteSf G. Troost, nom. nud. (1850). 
CeiUrocrinuSf Worthen (1890), non Austin & Meek k Worthen, )iec W. k Sp. ; 

? syn. of Gazacrinus, 
CodatiocrimiSfTroostt nom. nud. (1850) ; syn. o{ Pterotocrinus^ ap)M^Shumard(1866). 
ComatiUinaf d'Orbigny (1852), Oxfordian, C. costala = SolanocrimiSy Goldf., which 

is syn. of AnUdon, 
Comaturcila, MUnster (1839) ; syn. of Antedmi. 

ConocriniiSf Troost, nom. nud. (1850) ; syn. of Alioprosaliocrinus, apud. W. k Sj>. 
Cophimis, Murchison, ex Kcinig MS. (1839), Silurian, England. Impressions of 

stems. 
Orumenaecrinus, Troost, nom. nud. (1850). 
CupiUocrinuSy d'Orb. (1850), based on Scyphocrinus hcierocostalis^ Hall (1847), 

which is rcfen*ed by Wachsmuth k Springer to Flexibilia Impiunata. 
CypressocrinuSj a variant and possibly preferable sj)elling of Cupressocrinus. 
CyslocrinuSf C. F. Roemer (1860), Silurian, Tennessee. Stem only known, sec 

Fig. L. 2. 
DaeinonocrinuSy Troost, nom. nud. (1850) ; syn. of PtcrotocrimiSy apud ^hwrn^xd 

(1866). 
DecacnemoSt Bronn ex Linck (1837) ; syn. of AnUdon. 
DecadactylocrimcSj D. D. Owen, nom. nud. (1843) ; syn. of Hderocrinus^ apud 

Shumard (1866). 
DecanuroSy d'Orbigny ex Linck (1850) ; syn. of Antedon. 
JJimarphicrimis, d'Orbigny (1849), based on Platycrinus ptntmiyularia, Miller ; 

syn. of OrophocrintiSf p. 84. 
JJoliolocrinus, Troost MS., Jidi: Hall (1858) : 7>. ovnlh is syn. of Dichocriwits 

simpler J Shumard. 
DoTiacicriniiSf Troost, nom. nud. (1850). 
JSchinocrinus, L. Agassiz, 1841, and T. & T. Austin (1842) ; not a crinoid, but an 

echiuoid = ArcJta£ocidari8j M'Coy, 1844. 
Em,pcrocrinnSy Miller k Gurley (1895), Silurian, Indiana : probably syn. of 

Anlheiiiocriiius ; but has 3 IBB, and was placed by its authors with 

doubt in Taxocrinidae. 
Encrinos^ Agricola (1558), a stem-fragment composed of Pcntacrini or Asteriae 

{q,v, 8%ipi\t), 
jCh'Ttchns, Agricola (1558), a stem-fragment composed of Trochitae {q.v. infra). 
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Cfanymeda, J. E. Gray (1834) ; centrodorsal of Antedon, apud L. Agassiz (1841). 
Oaurocrinus, S. A. Miller (1888), Ordovician, N. America ; referred by Wachs- 

math k Springer part to ReteoeriniiSj part to Ptychocriniis. 
OlenotremiteSy Goldfass (1832), centrodorsal of AnUdon. 
OnaihocrinuSy T. & T. Austin, nom. nud. (1842). The genotype G. fusi/ormis 

is proved by Austin's MS. drawings to be syn. of MUlericrinxis PraUi. 
Oold/ussia, Norman (1891, naii Castelnau, 1843), proposed for Comalula vel Com- 

aster mvZtiradieUa^ Goldf. non Linn., ntc Lam., a quite unrecognisable form. 
OrammocrinuSt Eichwald (1859), Ordovician ; columnals incertae sedis. 
Halophenix "of our British Museum," fide Cumberland (1826); syn. of 

Pentacriniis. 
HelminUiolUkas erUrochuSj Linn. (1768) ; stems of various Palaeozoic Crinoids. 
ffelmintholUhiLS portentosuSf Linn. (1768); syn. of PcTUacrimis. 
HerthOj V. Hagenow (1840) ; centrodorsal of AnUdon. 
IcondactiflocrinuSf D. D. Owen, nom. nud. (1848) ; referred to Glyptocrimis by 

Shumard (1866). 
Kallispongiay Wright (1877) ; larva of Antedon. 
KoninekocrinuSy Seeley, nom. nud. (1864) ; s)m. of Torynocriniis and Acrochordo- 

crinus, 
MedusacrinuSy T. k T. Austin, nom. nud., fide Wachsmuth k Springer (1881). 
Microcrinus, Elmmons (1858), Eocene, N. Carolina ; probably centrodorsal of 

Atdecrinus. 
MUrocrinus, Miller k Gurley (1894), Ordovician, Tennessee ; based on a six- 
rayed individual, probably abnormal, and a Periechocrinid or Carpocrinid. 
Pachyantedcut Jaekel (1891), Upi^er Cretaceous, N. Germany. Based on impres- 
sion of stout arms, and a few cirri ; Br and cirrals in zigzag. 
Pachycrinu3, Eichwald (1840), Carboniferous, Russia ; columnals only, in part 

a syn. of PlcUycrinus (see p. 132). 
PachyocrinuSf £. Billings (1859), Ordovician, Canada ; founded on a single base, 

with no diagnostic features. 
Pt/UagoniteSf Rafinesque (1819), based on pentagonal columnals, probably of a 

Heterocrinid. 
Perischodomus fnagnv^y Tornquist (1894) ; syn. of Adelocriniis hystrixy Phill. 
Petinocrinus, Hall (1859), Geol. Iowa, vol. i. Suppl. p. 49. Not seen. 
PhiaZocrinus, Eichwald (1860), Ordovician, Russia ; encrusting roots with ridged 

under surface (see p. 133). 
PlatysphaerUeSy Trenkner (1868), doubtfully crinoidal. 
ProUuryale, J. Miiller ex C. F. Roemer MS. (1855) ; syn. of Gylkocrimts con- 

flutatinusy apud jEiekel (1895). 
PUrocomay L. Agassiz (1835) ; syn. of AvUdon. 
BhodoccUiXy Trenkner (1868), doubtfully Crinoidal. 
ShumardocrinvSy Miller k Gurley (1895), based on imperfect specimens of 

Steganocrinua concinnus. 
SolacrimiSy L. Agassiz (1835), for SolanocrinuSy Goldf. (1832), which is syn. of 

Antedcn, 
SphenocrinuSy Eichwald (1856), quinque^mrtite columnals. 
Syeocrinus, T. k T. Austin (1843) ; the authors' MS. drawings suggest that 

S. claustis=:LageniocrinitSy S. Jacksoni=Cryptocrinu8y and S. anapepta- 

Tnenos = Hypocrinus, 
SyringocrinttSy E. Billings (1859), Ordovician, Canada ; stem of Deivdrocystis. 
TetracrinuSy T. k T. Austin, nom. nud. (1842, non Miinster). Not known. 
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TetramerocrinuSf T. k T. Austin (1848) ; shown by labels and MS. to be syn. 

of Mehcrinus or Mariacrinus, 
Thalamocrinus, Miller k Gurley (1895), Silurian, Tennessee. Cnp alone 

known ; like Baetrocrinus or ffomocrinus, without RA. 
Tri€misiU8t Rafinesque, fide L. Agassiz (1841) ; not known. 
Triplaricrintu, Goldfuss, MS. label for Hexacrinua palertuformiSffide L. Schultze 

(1867). 
Trochita, Auctt. vett., a round columnal with radiating striae. 
VJetamerinuSy Waagen k Jahn (1899), Silurian, Bohemia ; if monocyclic, must 

be a Batocrinoid ; and if each Br bears more than one pinnule, is probably 

a Carpocrinid. 
XenoorinuSf Jahn (1892) iion Miller; altered to Zenkericrinua, Waagen k 

Jahn (1899), Silurian, Bohemia ; based on an imperfect cup, which does 

not differ from Mariacriiiua (p. 161). 

A few of the Terms used by some other writers, and not previously alluded 
to, may be correlated with those of the present work : — 

SvJbradialiay de Koninok and Americans =BB of Dicyclica. 

Subradiale, Jaekel = RA [and presumably all Ri] in Monocyclica Inadunata. 

Subanale, Jaekel = RA in Dicyclica Inadunata. 

AzygoB plcUeSf Billings et alii=anal8 in general, and RA in particular. 

Co8talia=lBB in MarmpUea (J. S. Miller) ; IBB & BB in Dendroerinus (Hall) ; 

BB in clearly dicyclic Inadunata and Flexibilia, and in Dimerocrinus 

(J. S. Miller, Hall) ; BB of all Crinoidea (Lov^n) ; Rt in ffeterocrinus 

(Hal l) ; RR in Scyphocrinus, Lyriocrinus, Macrostylocrinus (Hall) ; RR k 

IBri in monocyclic or pseudomonocyclio Camerata and Articulata (J. 8. 

Miller, Hall); RR k IBr in Gladocrinoidea only (Jaekel); I Br in all 

Crinoidea (Bather in earliest papers ; Wachsmuth k Springer, 1897) ; 

iBrj in Eitcalyptocriniis (Hall). 
Scapula^ J. S. Miller, Hall ; Radiafe articulare^ L. Schultze, Zittel = the 

proximal plate in a ray that has an articular facet for the arms, therefore 

may be R, IBrj, IBr2, or lAx. 
Radialiay Midler, Zittel ; Primary Radials^ Wachsmuth k Springer (1879-81) 

= all plates in a ray up to first forking, i.c, R k IBr up to I Ax. 
BrachicUia of Ist, 2nd, 3rd, etc. order, Miiller, Zittel, Wachsmuth k Springer 

before 1890 ; articles bracJiiau^^ de Koninck = free Br only. 
Braehialiaf Dihrachialia, Trihrachialia^ Jaekel = IBr, IIBr, IIIBr. 
Brachialiaj P. H. Carpenter, before 1890 = Finials. 
RadiaZia distichalia or DisticliaZia, Miiller, Zittel, Waagen k Jahn ; Seamdarif 

RadiaZs, Wachsmuth & Springer (1879-81) ; DicostaZia, Jaekel = IIBr. 
Distichalia, P. H. Carpenter (1879), Wachsmuth k Springer (1897) = IIBr., 

fixed or free. 
Palmaria, Huxley (1877), P. H. Carpenter (1879), Wachsmuth k Springer (1897) 

= IIIBr. 
Postpalmaria of 1st, 2nd, 3rd, etc. order. Carpenter, Wachsmuth k Springer 

(1897) = I VBr, VBr, VIBr. etc. 

The corresponding terms for supplementary plates — Intercostal, Interscapular, 
IfUerreuiiaZ, InteraxUlary, Interdistichal, Intcrpalmar, and Interbrachial — ^have 
also been used in diverse senses. 
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CHAPTER XII. 

THE EDRI0ASTER0IDEA.1 

CLASS IV. EDRIOASTEROIDEA, E. Billings (1854,-58; 

Huxley, 1877; and Bather, 1899) 

( = Thyrou)A, Chapman, 1860; Agelacrinoidea, S. A. Miller, 
1877-83 ; Worthen, 1883; Cystasteroidea, Steinmann, 1888; 
F. Bernard, 1893; Thecoidea, Jaekel, 1895). 

Not divided into Orders. 

Pelbiatozoa in which the theca is composed of an indefinite 
number of irregular plates, some of which are variously differen- 
tiated in different genera ; with no subvective skeletal appendages, 
but with central mouth, from which there radiate through the 
theca five unbranched ambulacra, composed of a double series of 
alternating plates (covering- plates), sometimes supported by an 
outer series of larger alternating plates (side -plates or flooring- 
plates). Pores between (not through) the ambulacral elements, 
or between them and the thecal plates, permitted the passage of 
extensions from the perradial water-vessels. Anus in posterior 
interradius, on oral surface, closed by valvular pyramid. Hydro- 
pore (usually, if not always, present) between mouth and anus. 

Reducing the characters of the Edrioasteroidea to their simplest 
expression, one may imagine a schematic type of the following 
nature : — A flexible theca of sack form, composed of numerous 
irregular, polygonal plates deposited in the integument, probably 
with the stroma- strands between them still plainly visible (cf. 
Stramatocystis) ; it would have a mouth in the centre of the upper 
surface, and would be attached by some indefinite portion of the 
lower surface ; the anus, with its valvular covering, would lie on 
the upper surface, and there would probably be a hydropore 
between it and the mouth. So far this type would present primi- 
tive characters like those of the earlier Amphoridea, from which 

1 By F. A. Batber, M.A. 
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one may suppose it to have been derived. But the structure aad 
relatioHH of the ambulacra, even in their least specialised form, at 
once remove the type from primitive simplicity, and place it on a 
road different from that traversed by other Pelmatozoa. The evi- 
dence Huggesta the existence of a circumoesophageal water-ring, with 
five perradial canals, and their associated nerves and blood- vessels, 
passing between or below the thecal plates, and underlying a 
ciliated food-groove, which was covered by an alternating series 
of movable plates (covering-plates = ambulacrals of Crinoidea, but 
probably not those of Echinoidea and Asteroidea). Pores between 
the plates lining or flooring the groove (adambulacrals of Pelma- 
tozoa, but perhaps - superambulacrals of Asteroidea) permitted 
the passage either of podia or ampullae. In Cystidea, Blastoidea, 
and primitive Crinoidea, on the other hand, there was a free exit 
for the ambulacra! organs only through the peristome; in fact, 
Blastoidea and Cystidea present no evidence that they possessed 
perradial water-vessels and podia at all 
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The primitive sack form did not long persist, but the follow- 
ing characters were, as a rule, impressed upon it : a sessile habit, 
the consequent assumption of a circular, flattened form, the differ- 
entiation of the upper and under surfaces, the development of 
marginals or concentric frame-plates, and the tendency to increase 
the food-gathering surface by spiral coiling of the ambulacra in 
either sinistral or dextra! direction. According to the varied extent 
of these several modifications, (be Edrioasteroidea are divisible into 
3 families — Agelacrinidae, Cyathocystidae, Edrioasteridae. But 
to these must be added a fourth, Steganoblastidac, in which the 
development of a short stem was correlated with greater concentra- 
tion and regularity of the thecal elements. 
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Fahilt 1. AoBi^cftiNiDAE. Edrioasteroidea with a. theca composed 
mostlj of thin plates, flexible, Bttached temporarily or pennsnentlj by 
the greater part of the aboral surface ; with ambulacra confined to the oral 
aorfaee. Genera — Strtmiatoqiitii, Pompeckj (1896), Cambrian, Bohemia, 
aeenu to have had a somewhat flexible theca of non-imbricate plates 
(Fig. I,). Bays straight and extending to the margin, imposing on the 
theca a snbpentagonal outline ; composed of stout and long alternating 
ride-plates, along the outer margins of which are pores [for podia }] 
while along their inner margins is a groove, protected by minute 
covering-plates. Four large and many small plat«a [modified side- and 
covering-plates] surround and cover the mouth. Interambulacrals hex- 
agonal, united by stroma -Etranda. Under side of theca compoeeil of 
irregular plates, without evidence of stroma-strands, and larger towards 
the middle. The animal was probably sessile on its under surface, but 
perhaps not fixed permanently. Cyittuter, Hall (1872, Th^cocyais, Jak.), 
Ordoviciaa, Ohio, is also primitive (Fig. II.). Theea Bac-like, composed of 
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minute plates, not always attached (i) ; rays strai};ht, composed of alternat- 
ing covering - plates supported on side-plates; no hydropore observed. 
Hemicyitis, Hall (1852), Ordovician and Silurian, N. America and 
Bohemia, shows an advance on CgstasUr in the imbrication of the 
thecal plates, and their differentiation into lacker interambulacrals, 
and a zone of smaller marginals. This leads on to Agtlacrinus 
and its allies Strrptailer and Lepidodiscu), all which are characterised 
by the curvature of the raya, sinistrally, dexlrally, or both, by the 
elaboration of the margioaL zone, and by their flattened sessile habit, 
being usually attached to brachiopod sheila The type-species of 
Agelacrinut is the Devonian A. hamilloneinis, Vanuxem (1842), (Fig. 
III.), in which the anterior and two left-hand rays curve siniatrally, 
the two others dextrally ; tlie interauibulacrals are large, non-imbricate, 
and radiately ridged ; there is a border of large plates, with an outer 
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border of Bmall places. LepidodUeui, Meek & Wortheu (1888), Ordovicun 
to CarboniferouB, baa imbricating iutemmbnUcnla and a Ix^der of small 
imbricating plates ; plates fonniug the floor of tbe ambulacra, and a pen- 
tagonal internal frame around tbe moutb, have been described by Miller & 
Faber (1892), but more details are needed ; Hall figures right posterior 
rajr as deitral, and the rest as sinistral (Fig. IV.) ; other anangementa 
may obtain, but the rays adjacent to the anus alwajs curve towards it. 
The Devonian Haploeyttit, C. F. Roemer (I860), is known from an internal 
cast, apparently proving that the ambulacra were floored bj a single 
row of plates [1 fused adambulacrals], between the edges of which were 
pores [for passage of podia]. The Ordovician Sireptorter, HaU (1872), 
has all its rays sinistral. IHscoq/itu, Gr^^ory (1896), based on EAino- 
diietu optatia, Worthen & Miller, is doubtful. 

Fauili 3. Ctathocibtidae. Edrioaateroidea with the theca composed 
on the oral surface of five deltoids surrounded bj marginals, but below 
of a fused solid mass of stereom, with irregular longitudinal suturea ; per- 
manently attached by the aboral surface as by an encrusting root ; 
ambulacra confined to oral surface. Genua — Cyathtiryitit, Schmidt (1880), 
Ordovician, Esthonia (F!g. V.), is not far removed from Stromatocyitis and 
Gydaxter, but the trend of its evolution is quit« away from that of either 
firfriwMter or Agtlacriims. Upper ambulacral surface of theca bordered 
by a pentagooal frame of 40 marginals ; rays straight, with a single 
series of covering-plates ; five lai^r plates cover the moutb. The 
miuut« plates that formed the theca of Cytfailn- are here fused int« solid 
masses ; thus there arise between the ambulacra 5 la^e A, and below the 
marginals a massive cup, fixed to some foreign body by its base, and 
occasionally marked by obscure longitudinal sutures, irregular in number 
and position, but never more than 5. Anus, with pyramid of 5 plates, 
lies between a A and the adjacent marginals ; no hydropore observed. 
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Family 3. Edrioabteridai^. Edrioaateroidea with flexible theca com- 
posed of thin plates ; attached, if at all, by a small central portion of the 
excavate aboral surface ; ambulacra pass on to aboral surface. Genera — 
AtttocydU, Miller & Ourley (1S94), Ordovician, Kentucky, has S mb- 
pentagonal theca, with height two-thirds the width ; rays wide and strai^t, 
with large covering- plates ; intern mbukcrals non-imbricate. Podial p(m^ 
madreporite, and abactinal surface unknown ; but the genus appears to 
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connect this family with the more primitive forms of Agelacrinidae. 
fdrtcMMttr, Billings (1858), Ordovician, Canada (Fig. VI.), also includes 
'^ AgdacntiHa Buchianut," Forbes (1848), from Wales. Theca about half 
at high aa wide, depressed slightlj at oral pole. Bays curved, all or 
some ainistral or deitral, passing on to under surface of theca ; ambu- 
lacral groove floored by alternating plates [1 adambulacrals], between which 
were pores [} for podia] - with covering- plates, i.e. ambulacrols, over 
the groove Inteiambulacrals non mbrieate. Under-aurface of theca 
excavate, its central region con posed of a Bexible membrane set with 
minute imbncatmg plates, and a a frame of about 1 1 large plates. 
Whether the animal was attached by the central part of this membrane 
is doubtful mmed ately round the centre this is evaginated in five lobes, 
Apparently caused by the pressure of some internal organs [? gonads], 
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which must have acquired pentamerous symmetry. Diiwcijitit, Bather 
(1898), Uppermost Devonian, Belgium, has a slighter frame on theaboral 
surface, and the surrounding region composed of a thin flexible integument 
containing narrow imbricating ossicles ; otherwise like Edrio<aier. 

Fajiily 4. Steoanoblastidae. Edrioasteroidea, with a rigid theca 
composed of plates relatively larger and thicker than in other families of 
this class ; these include elements comparable to the ER and BB of 
Blastoidea ; BB attached to a stem, probably short ; ambulacra descend 
into the radials. Qenus — StajarwbluMvi, Whiteaves (1897, originally 
described as Attrocijstites, name preoccupied), Ordovician, Canada (Fig. 
VII.). The remarkable resemblance to AiUroMastui, insisted on by its 
founder, su^estcd the reference of HUganobUutru to the Pro toblasto idea 
(Bather, 1899); but the ambulacra are now known to have essentially 
the same structure as in Edrioaeler, while the absence of brachioles may 
be maintained with confidence. Theca piriform, its plates strongly marked 
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with axial folds, and coasisting of : BB (6 \ sutures not clear) ; BB, 6, 
altematii^ with BB, and receiving the distal ends of the ambulacra ; 
interambulacrals, one large one and an uncertain number of smaller ones, 
iu each interradius ; 5 slightly- pitted platee of apear-head shape, stretching 
np between the ambulacra to the oral pole and simulating of Ciinoidea 
or A of Blastoidea, but perhaps being only ])roximal covering- platea. 
The anua pierces one interambulacrum, and slightly disturbs tlie 
pentameroUB Hyinmetry of the theco. From the mouth G ambulacra 
Stretch about half-way down the theca ; the adambulacrals (side- ur 
fiooring-plates) appear almost anchylosed, but the pores between them 
are very clear, and one can trace the original median line of suture ; 
the amhulacrala or covering-plates were stout, at least in the proximal 
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regions, where they seem to have contbined with the spear-head plates tu 
form a solid roof over mouth and food-grooves. Stem smalt, round, with 
lumen less than half the diameter. Fifty years ago SieganaiAaMit* would 
have been described as a generalised or synthetic type, with Cjstid, 
filastoid, Orinoid, and Asteroid affinities ; it i» simpler to regtud it 
as a specialised Edrtoaateroid, in which features common in stalked 
genera of other classes have been evolved independently under similar 
conditions of eiiatence. 

GydoofiU'u'es, Billings and Salter (1858), Ordovician of N. America 
and Britain (Fig. VIII.), probably belongs to this class, though not to any 
of the recogniseil families. It is hardly well enough known to make 
tiie type of an order as yet. A ring of stout ossicles, more regular than 
that seen in Aijdacrinus and EdrimuUr, fonns a frame between which are 
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atretched two thinly plated membranes, rarely preserved. Tbe doraal 

membrane contains irregular non-imbricating platea (Miller & Faber, 

1882> The plate« of the ventral membrane {apnd J. Hall, 1866) were 

delicately reticulate, and arranged in 

munerous reyi paaaing from a central 

pjramid of minute platea [mouth?]. 

Eccentrically, between two rays, it an 

oval opening [anua f]. Outside the 

bune iB a bordeT of smalier plates 

u in Agtlaermttt. The animal waa 

not permanently aesaile [but could 

probably fix itself like a limpetj. 

The classificatory position here 
assigned to the Edrioasteroidea , 
la not that usually accepted by 
zoologists, although many have 
given them equal, nearly equal. c^diieiiiioiiiri saiun. ai, mp\«>iM 
or greater classificatory value ^;X ^^tK! pi; "^^llS^r 'thi'Z.S'w: 
under vanous names (see heaamK, «« »e»ii ihroi^ii th« u|i™ingii. » uuhi on 

n__i -iin. - ^ Miller * Fuber; olh-r»!<» thr ftKiim la 

p. 205). Whatever may eventu- ropidi fmm hsii. x •;. 
ally prove to be the value of the 

characters insisted on in the present work or in others, even if 
there be traced a closer connection with Diploporita than is as vet 
apparent, the Edrioasteroidea can never be thought a less distinct 
or less homogeneous group than, say, the Blastoidea. The zoologi- 
cal importance of the Edrioasteroidea is another reason for raising 
them to this position. Many zoologists, e.g. Forbes, Billings, Neu- 
mayr, Steinmann, have regarded them as connecting either the 
Echinoidea or the Asteroidea with the Cystidea. On the hypothesis, 
ever becoming more probable, that all eleutherozoic Echinoderma 
are descended from some pelmatozoic ancestor or ancestors, then 
the Edrioasteroidea are atone among Pelmatozoa in presenting a 
type of ambulacrum from which the holotbiirian, stellerid, and 
ecbinoid types may readily be derived. 
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CHAPTER XIII. 

ELKUTHEROZOA — ^THE HOLOTHURIOIDEA. 

GRADE B. ELEUTHEROZOA. 
Class I. Holothurioidea. 
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II. Stelleroidea. 
IIL Echinoidea. 



Eghinoderma in which the theca, which may be but slightly or 
not at all calcified, is not attached by any portion of its surface, 
but is usually placed with the oral surface downwards or in the 
direction of forward locomotion. Food is not conveyed by a 
subvective system of ciliated grooves, but is taken in directly by 
the mouth. The anus when present is typically aboral and 
approaches the mouth only in a few specialised forms. The aboral 
nervous system, if indeed it be present at all, is very slightly 
developed. The circumoesophageal water-ring may lose its connec- 
tion with the exterior medium ; the podia (absent only in some 
exceptional forms) may be locomotor, respiratory, or sensory in 
function, but usually are locomotor tube-feet. 

As explained on p. 33, the genetic affinity between the three 
classes now to be dealt with is not so obvious as that between the 
classes of Pelmatozoa. Some writers have taken the Holothurioidea 
to be the most primitive class of Echinoderms, or at least to be 
widely separated from the Stelleroidea and Echinoidea. Without 
denying a large measure of truth to such statements, it is here 
maintained that all these three classes bear the impress of a Pelma- 
tozoic ancestry. And, though they arose from the Pelmatozoan 
stem, probably at different periods, and possibly from different 
branches thereof, yet the trend of the evolution of each was in the 
same direction — a direction opposed to that of the Pelmatozoa. 

At any rate the plain facts set down in the above definition 
are conveniently connoted and emphasised by the adoption of the 
term Eleutherozoa, whatever be the precise systematic value attached 
to it. In discussing the Eleutherozoan classes, the order followed 
is from the more primitive to the more specialised. 
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CLASS I. HOLOTHURIOIDEA, C. T. v. Siebold (1848) ^ 

( = FiSTULiDES, Lamarck, 1801 ; Scytodermata, Burmeister, 1837; 
AsciDiASTELLA, T. & T. Austin, 1840 ; Scytactinota, Bronn, 
1860). 

Order 1. Actinopoda. 
„ 2. Paractinopoda. 

Eleutherozoic Echinoderms normally elongate along the oro-anal 
axis, which axis and the dorsal hydropore lie in the sagittal plane 
of a secondary bilateral symmetry. The calcareous skeleton, which 
may be entirely absent, is usually in the form of minute spicules, 
sometimes of small irregular plates with no trace of a calycinal or 
apical system ; to these is added a ring of pieces radiately arranged 
round the oesophagus. Ambulacral appendages take the form of : 
(1) circumoral tentacles, (2) sucking-feet, (3) papillae; of these (1) 
alone is always present The gonads are not radiately disposed. 

The Holothimans have long been known to man. Many of 
the common forms are large and conspicuous animals, which are 
frequently caught in the dredge or thrown up on our shores. It 
is generally supposed that these are the marine animals to which 
Aristotle gave the name of oXo^ovptov, from which their present 
scientific name has been derived. Pliny, mentioning a species of 
Cticumaria, calls it Cucumis marinus, or sea-cucumber, a name often 
applied to Holothurians at the present day. 

Belon, in 1553, first described a Holothurian, recognising some of 
its affinities to the starfish and sea-urchins ; and Eondelet, two years 
later, gave some figures of two species. Bohadsch, Pallas, Fabricius, 
Cuvier, and others increased our systematic and anatomical know- 
ledge of this group during the later part of the eighteenth century. 

In 1816 Tiedemann published an excellent account of the 
anatomy of Ilolothuria titbulosa, Gmel. (12), and since then the 
study of the structure, development, and classification of the class 
has been greatly extended by a large number of naturalists, amongst 
whom one may mention A. Baur (1), Selenka (7), Semper (10), Joh. 
Miiller, MetschnikofF, and Kowalevsky. Within recent years the 
finer anatomy and histology of Holothurians have been studied by 
0. Hamann (3), Herouard (4), Cu^not, and many others, and their 
embryology by Selenka (7), Semon (9), and Bury (2). Our 
knowledge of that most interesting group, the Elpidiidae, dates 
almost entirely from the publication by Th^el of the Report on 
the collections made during the Challenger Expedition (11). The 
family Pelagothuriidae has only lately been described by H. 
Ludwig (6). An admirable and comprehensive treatise on the 

* By E. S. Goodrich, M.A. 
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structure, development, and taxonomy of the Holothurioidea has 
recently been written by the same author (5), to whose works the 
present account is greatly indebted. 

As a typical example of the Holothurioidea the common Cotton 
spinner, Holothuria forskali, Delle Chiaje {H, nigra, auctt.), may be 
taken. It is about 20 cm. long, almost cylindrical in shape (Fig. I. 2), 
pale yellowish-brown beneath, and black above. The "ventral" 
or lower surface is covered with closely set retractile podia, by 
means of which the animal creeps along (2, p) ; the lateral and 
" dorsal " surfaces are covered with small and large conical papillae 
(2, pp). The five "radii" running longitudinally from mouth 
to anus are scarcely distinguishable on the outer surface; there 
are two dorsal radii (biviiun), and one median ventral, and two 
lateral ventral radii (trivium). Near the anterior end the body- 
wall is produced into an irregular brim (2, br); beyond this the 
animal terminates in a smooth pale-coloured area, in the centre of 
which lies the mouth, somewhat ventral in position (2 and 3, m). 
Surrounding the mouth is a set of twenty semi-retractile tentacles 
(2 and 3, i). When in a state of contraction the brim closes 
over the retracted tentacles and mouth. The anus is situated at 
the posterior pole of the animal. 

The body -wall of Holothuria is thick, tough, and leathery. 
Externally a thin transparent cuticle covers the epidermis, which is 
not ciliated, and is composed of a layer of columnar cells, with 
scattered gland cells and sensory cells. The thick underlying cutis 
is formed of connective tissue cells and numerous fibres lying in a 
homogeneous ground substance. Wandering cells are found in the 
cutis, while the greater part of the pigment is in its outermost layer. 
Below the cutis is the layer of circular muscles (Fig. 11. 5, cm) ^ 
interrupted at the radii, except immediately round the anus, where 
it forms a sphincter muscle. A paired band of longitudinal muscles 
runs along each radius from the posterior end of the animal to 
the anterior (Fig. II. 1 & 5, l.m) ; here it is attached to the radial 
plate of the calcareous ring to be described below. Internally the 
body-wall is lined with ciliated coelomic epithelium. 

The skeleton of Holothuria forskali consists chiefly of calcareous 
spicules, knotted or branching rods, and perforated discs (Fig. II. 
6, A, B)y secreted by connective tissue cells and forming a thin 
layer in the outer region of the cutis, especially on the papillae and 
ambulacral appendages (podia and tentacles). Spicules may also be 
found in the connective tissue throughout the body, and they are 
very numerous in the wall of the stone -canal and madreporite. A 
large perforated plate is situated at the extremity of each podium. 
A ring of ten calcareous pieces surrounds the oesophagus; the five 
radial pieces are notched and larger than the interradial (Fig. I. 4). 

^ This figure refers to the allied species Holothuria titbulota, Gmelin. 
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The nervouB system consists of a " superficial " ring surrounding the 
mouth and giving off five radial nerves which run backwards to the 
posterior end. The tentacles and viscera are supplied by nerves 
from the ring ; the podia by branches from the radial nerves. The 
ring and the radial nerves are sunk below the surface, and lie on 
the inner side of the cutis. An epineural canal lies outside the 
radial nerves. Following each radial nerve on its inner surface is 
a small '* deep " nerve, from which are supplied the muscles of the 
body-wall (Fig. H. 4). 

The water- vascular system consists of a circidar canal sur- 
rounding the oesophagus behind the calcareous ring, and giving 
off five radial canals (Fig. II. 5, ex and r.c). Each radial canal 
passes forward between the calcareous ring and oesophagus, and 
then outwards, through the notch in the radial piece, to the body- 
wall ; it then runs backwards below the radial nerve. The radial 
canals send off a branch on either side to supply a pair of tentacles, 
each tentacle being provided with a long ampulla freely projecting 
into the body -cavity (Fig. I. 5, /.a, and Rg. II. 5). A Polian 
vesicle is attached to the circular canal in the left ventral in- 
terradius. Branches are given off from the radial canals in the 
body - wall to supply the podia and papillae ; small ampullae are 
here present. A twisted stone - canal lying in the median dorsal 
line leads from the circular canal to a madreporite, pierced with 
many small apertures, and lying in the body-cavity at the anterior 
edge of the dorsal mesentery (Fig. I. I and 5, z,c and mi). 

The alimentary canal is looped (Fig. I. 1, i, and Fig. 11. 1), 
coiled in the direction of the watch-hand as viewed from the anterior 
end, and supported almost throughout by a mesentery attached to the 
body-wall. The mouth leads into a wide oesophagus, which narrows 
on passing backwards out of the calcareous ring. A scarcely dis- 
tinguishable stomach succeeds the oesophagus and passes into the 
long intestine, which finally ends in a rectal " cloaca *' opening at 
the anus. The oesophagus, stomach, and part of the intestine 
form the first region of the alimentary canal, running backwards 
and supported by the median dorsal mesentery. Near the hinder 
end of the body the intestine and mesentery cross over from the 
dorsal interradius to the left lateral dorsal interradius, up which 
they run. Near the anterior end this second section of the 
intestine, with its mesentery, crosses to the right ventral inter- 
radius, down which the third and last portion of the intestine runs 
straight to the anus. Eound the oesophagus, bounded externally 
by the calcareous ring and the radial canals, a portion of the coelom 
is incompletely shut off from the general body -cavity (Fig. II. 
5, ^r); connective tissue strands run across it from one wall 
to the other. The enlarged rectum, or cloaca, is fastened on all 
sides to the body - wall by muscular strands (Fig. I. 1, d). 
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Opening into the anterior and dorsal region of the cloaca by a 
common duct are the respiratory trees, two large tubes which give 
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off numerous aide - branches ending bhndly in tufts of slender 
twigs (i'ig. I. 1, l.r.l and T.r.f). Coming off from the base of the 
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left respiratory tree are a large number of long slender pro- 
cesses, the Cuvierian organs (Fig. I. 1, c,o). These remarkable 
organs, formed of spirally coiled fibrous tissue covered ^vith a 
layer of modified coelomic epithelium which secretes a sticky 
substance, are shot out of the anus through the wall of the cloaca 
l>y the living animal when irritated. The organs swiftly elongate, 
forming adhesive white threads, to which this Holothurian owes its 
name of Colton-spinner. 

The blood-vascular system consists of a circular vessel round 
tihe oesophagus, giving off five radial vessels which run between 
the water-vascular canal and the pseudhaemal canal, covering the 
radial nerve internally. The anterior region and genital organs 
10*6 supplied from the circular vessel. The alimentary canal is 
provided with two longitudinal trunks coming from the circular 
vessel— -one, the "dorsal" or mesenterial vessel, runs along the 
region where the mesentery is attached to the intestine ; the other, 
the " ventral " or antimesenterial, runs along the alimentary canal 
on the opposite side (Fig. II. 1 and 5, m.v and a.v). A cross 
vessel passes from the mesenterial vessel on the first region of 
the intestine to the antimesenterial vessel on the second region. 
In connection with the mesenterial vessel (especially along the 
second region of the intestine) is an extensive and rich plexus of 
"blood-vessels, the rete mirabile, overlying the left respiratory tree 
^Fig. I. 9). Blood lacunae extend in the walls of the alimentary 
canal, respiratory trees, gonads, and other parts. 

A closed pseudhaemal system extends over the inner surface 
of the nerve ring and radial nerxes. 

The body -cavity forms a continuous coelomic space lined 
t;hroughout by epithelium, which is generally ciliated. 

The sexes are separate in this species. The genital organs consist 
of a bunch of tubes, with free blind ends lying in the coelom, and 
uniting at their base to open into a duct running forwards in the 
dorsal mesentery (Fig. II. 1 and 5, g and g,d). The genital duct 
opens by a median dorsal pore behind the tentacles (5, g.})). 

Variation in the Holothurioidea. — In outward form the 
more specialised and highly modified genera depart very widely 
irom the elongated and somewhat pentagonal shape which appears 
to be the more primitive. In organisation, however, this group is 
fairly constant, and clearly defined from the other classes of Echino- 
derma. The epidermis is not ciliated in the adult. The body-wall 
is remarkable for its thickness and leathery consistency, the cal- 
careous skeleton being rarely in the form of plates or scales, and 
more often as minute spicules of various shapes (there is no apical 
system of plates). When these spicules are of different kinds they 
generally form distinct layers in the cutis — as, for instance, in 
Holothuna impiUieiiSj where the " tables " lie on the surface, whilst 
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the "biscuit spicules are disposed in a thick inner layer 
(Fig. II. 2 and 3, to, 5). The spicules are deposited by cells in 
the cutis, and develop first as small rods which become branched 
at each end ; by the increase of the number of branches and their 
repeated fusion arise the innumerable varieties of spicules found in 
different species of Holothurians. These calcareous bodies are of 
great value to the systematist in classifying the smaller groups, 
such as genera and species.^ Although their general characteristics 
are fairly similar within the several families, the different shapes 
of spicules are not sufficiently constant to be used as diagnostic 
characters of such large divisions. 

Very characteristic of the Holothurians is the calcareous ring 
formed of radial and interradial pieces surrounding the oesophagus. 
Occupying the same position as " Aristotle's lantern " in the Echi- 
noids, it may possibly be homologous with that organ. 

A well-developed muscular system is present in the body-wall, 
whereby the animal can move and alter its shape. The longitudinal 
muscles, generally paired radial bands, often form special retractors 
for the withdrawal of the anterior region of the body. In the 
Synaptidae alone the circular muscles are not interrupted at the radii. 

Although the nervous and water-vascular systems are distinctly 
built according to the pentagonal radiate Echinoderm type, yet the 
latter system is generally modified in relation to the very frequent 
differentiation of a dorsal surface occupying the three upper interradii, 
and of a flattened ventral surface or creeping sole occupying the 
two lower interradii. The ambulacral appendages, the podia, may 
become modified from typical sucking-feet into pointed papillae. 
Either the tube-feet or the papillae may extend over the entire inter- 
radial space. On the other hand, both tube-feet and papillae may be 
absent (Molpadiidae, Pelagothuriidae, and Synaptidae), and even the 
radial canals may disappear in the adult (Synaptidae). The oral 
tentacles, so characteristic of the Holothurians, are no doubt modified 
ambulacral appendages homologous M-ith the podia. They vary 
greatly in number and shape, and are of great taxonomic value, 
being almost invariably more or less peltate in the Holothuriidae and 
Elpidiidae, arborescent in the Cucumariidae, and digitate or pennate 
in the Molpadiidae and Synaptidae. 

The Polian vesicle is usually single, and situated in the left 
ventral interradius ; but there are sometimes more than one. The 
stone-ciinal, generally single, lies in the median dorsal mesentery. 
Although in some of the Holothuriidae, Elpidiidae, and Pelago- 
thuriidae, and in the larvae of other forms, the stone- canal retains 
its opening to the exterior in the median dorsal line, in most Holo- 
thurians this condition is modified, in that the primitive madreporite 

* The structure of the sj>icules is liable to alter during the lifetime of the 
individual (HrrouaRl, Mitsukuri, Ostergrvu). 
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disappears, the connection with the body-wall is lost, and the canal 
opens by a new madreporite into the body-cavity. In some species 
numerous accessory stone-canals and madreporites may be developed 
(Fig. II. 5, md). 

The disposition of the organs in the radius, as seen in transverse 
section, is distinctive (Fig. II. 4). The superficial radial nerve is 
separated from the epidermis by the thick cutis and a space 
(epineural canal). The deep radial nerve is separated from the 
ambulacral radial canal by a pseudhaemal canal and the* radial 
blood-vessel. Over all lies the longitudinal muscle internally. This 
arrangement resembles most that found in the Echinoidea. 

The alimentary canal and the mesentery which supports it have 
the deztral coil characteristic of Echinoderma, as described above 
toT HMhuria {p. 221). 

The respiratory trees, organs quite peculiar to this class, are by 
no means of universal occurrence, being absent in the Elpidiidae, 
Pelagothuriidae, and Synaptidae. It is interesting to note, however, 
that in certain of the Flpidiidae the rectum is provided with a 
caecum, which may represent a vestige or a rudiment of the respira- 
tory trees (Fig. 111. 10, coe). 

The Cuvierian organs (p. 223) appear to be modified branches 
of the respiratory trees. 

The Holothurioidea are distinguished from the remainder of the 
Echinoderma by the structure of the genital organs. These always 
consist of a single, or of a right and left, tuft of tubules leading into 
a common duct, which runs in the dorsal mesentery and opens to 
the exterior in the median dorsal line near the anterior extremity 
of the body. There is no axial organ or sinus, and no trace of 
radial structure in connection with the gonads (see p. 24). 

As a rule, the genital products are shed in the sea, where fertilisa- 
tion and development take place. Rarely, as in Chiridota rotifera 
(Pourt) and Phj/llophorus uriia (Grube), the young develop in the 
body-cavity of the parent. Brood chambers are formed in Psolus 
ephijppifer (W. Thomson) and some species of Ciicumaria. 

A total and almost equal segmentation of the fertilised egg leads 
to the formation of a ciliated blastula and gastrula, from which is 
developed the characteristic Auricularia larva (Fig. I. 6, 7). The 
free-swimming Auricidana has an alimentary canal provided with a 
mouth and anus, and the cilia are restricted to a single large 
circumoral band and a small adoral band within the mouth. The 
archenteron now gives rise to the hydro-enterocoel, opening by the 
primary stone- canal at a pore a little to the left of the median 
dorsal line. Later, the circumoral ciliated band becomes greatly 
folded, and then converted into the circular ciliated rings of the 
barrel-shaped larva or pupal stage (Fig. I. 8). The mouth shifts 
to the anterior pole, round which are developed the tentacles as the 

15 
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first appendages of the water-vascular system. The radial canals 
and podia (when present) are now formed, and the young Holo- 
thurian assumes the adult form. Earely the Auricularia stage is 
omitted, the ciliated gastrula developing more or less directly into 
the barrel-shaped larva. 

Very little is known of the extinct Holothurians. Some spicules 
have been found, many of which belong to the Synaptidae, in 
deposits ranging from the Carboniferous to Tertiary strata. 

With advancing knowledge the Classification of the Holothurians 
has undergone many changes since it was first attempted at the 
beginning of this century. It now appears to be firmly established 
on deep-seated structural characters. In 1815 Oken divided the 
few species then known according to the shape of the body, whilst 
soon after Lamarck made use of the tentacles as a taxonomic 
character, a system afterwards perfected by Grube, who founded 
the family Aspidochirotae for forms >vith peltate tentacles (Holo- 
thuriidae), and Dendrochirotae for forms with arborescent tentacles 
(Cucumariidae). Cuvier and others followed Oken, taking into 
account the occurrence and distribution of the podia ; and Brandt 
divided the Holothuria into Pedatae with podia, and Apodes 
without podia. Selenka, in 1867, following Jaeger, formed the two 
orders Pneumophora and Apneumona, the first for the modern 
Holothuriidae, Cucumariidae, and Molpadiidae, provided with re- 
spiratory trees or " lungs," the second for the Synaptidae without 
" lungs." Th6el adopted the orders Apoda and Pedata, adding the 
order Elasipoda for the newly discovered Elpidiidae. Ludwig has 
clearly shown that the classifications founded on the mere presence 
or absence of podia or of respiratory trees are artificial; first, 
separating off" the Synaptidae, which differ in important respects 
from all the other families, as the Paractinopoda, he divides the 
remainder of the Holothurians, the Actinopoda, into five families, 
as shown in the following table : — 

Order 1. Actinopoda. Radial canals sup- 
plying tentacles and podia. 

A. With respiratory trees. 

/ X TTT vn- T CFam. 1. Holothuriidae. 

(a) With podia. < ^^ . ^ 

^ ' ^ (Fam. 4. Cucumariidae. 

(6) Without podia Fam. 5. Molpadiidae. 

B. Without respiratory trees. 

(a) With podia. Fam. 2. Elpidiidae. 

(6) Without podia. Fam. 3. Pelagothuriidae. 

Order 2. Paractinopoda. Neither radial 
canals nor podia. Tentacles 
supplied from circular canal. 

Fam. Synaptidae. 
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Order 1. Actinopoda, Ludwig. 

The five radial canals of the water- vascular system, springing &om 
the circular canal, supply the tentacles and podia (Fig. I. 5). 

Family 1. Holothurhdae. Body more or less flattened ventrally 
to form a creeping sole. Mouth generally somewhat ventral in position. 
Spicules chiefly in the form of tables, rods, and perforated plates. Cal- 
careous ring of five radial and five interradial pieces. Ambulacral 
appendages present in the shape of tube-feet, papillae, and peltate tentacles 
(g€flierally twenty). Respiratory trees well developed. Sub -Family 1. 
Synallactinae. No tentacular ampullae. Stone-canal single, and joined 
to the body-walL No rete mirabile. Genera — A. With genital tubes in 
a right and left bundle — PseudostichopuSy Th^el ; PaelofatideSy Th^el ; 
MesereSy Ludwig ; SynallacteSy Ludwig ; BathyploteSy (istergren- B. 
Qenital tubes in a tuft on the left side only — Mesothuria, Ludwig. 
Sub-Family 2. Holothuriinae. Well-developed tentacular ampullae. 
Stone - canals often nimierous, and with complex madreporites not con- 
nected with the body-wall (exc Holothuria lactea). The left respiratory 
tree ia enveloped in a vascular network, the rete mirabile. Cuvier's 
organs often present Genera — A. With genital tubes in a tuft on the 
left side only — Muelleriay Jager, mostly tropical ; LabidodeniaSy Selenka, 
tropical; Holothuria^ Linn., to which genus belong the British Cotton- 
spinner described above (p. 220), and H. edulis, one of the kinds of edible 
Trepang. B. With genital tubes in a right and left tuft — Stichopua, 
Brandt 

The Holothuriidae are characterised not only by the possession of well- 
developed respiratory trees, and of from fifteen to thirty peltate tentacles 
(formed of a thick stem branching at its extremity), but also by the 
absence of retractor muscles, and of auditory vesicles. The tube-feet and 
papillae may be in double radial rows, as in LabidodemaSy in several rows, 
as in SticJwpuSy or scattered, as in Holothuria. The calcareous ring is 
generally composed of short, compact pieces ; it appears to be absent in 
Paelopatides and Synallactes. The anus in Pseudostichopus is situated in 
a deep vertical furrow, whilst in Muelleria it is surrounded by five 
pointed, calcareous plates. The longitudinal muscles are in paired bands, 
except in PseudostichopiLs. 

The Holothuriinae are a well-differentiated group distinguished by 
the possession of large tentacular ampullae projecting freely into the 
body-cavity (Fig. II. 6, <.a), internal madreporites (5, wrf), and a vascular 
plexus surrounding the left respiratory tree. The Synallactinae, on the 
other hand, are in many respects intermediate, between the former 
sub -family and the Elpidiidae. The absence of tentacular ampullae, 
and of the rete mirabile, and the presence of a single stone-canal con- 
nected with the body-wall and probably retaining its primitive opening 
to the exterior, are all characters uniting the Synallactinae to the 
Elpidiidae, with which they liave indeed been classified (Ostergren). 

Family 2. Elpidhdae. Body generally flattened ventrally. Mouth 
more or less ventral Tentacles, ten to twenty, more or less peltate. Ventral 
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tube-feet and dorsal papillae present (eic Capheira). Often auditoiy 
vesicles on the radial nerves. Stone-canal single ; nmdreporite freqaentl; 
opening to tlie eit«rior. Respiratory trees absent {or rudimentarj-). 
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Calcareous ring of five or ten pieces. Spicules various, frequently in the 
form of wheels and four-rayed spicules. Sdb-Family 1. Psychrofotikae. 
Body surrounded by a brim. Mouth quite ventral Dorsal papillae 
usually small Tube-feet small, aa a rule on the three ventr^ radiL 
Calcareous ring incomplete, the interradial pieces being represented by 
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small spicules. Genital tubes in a right and left tuft. Genera — Psychro- 
trepheSj Th^ ; Euphronides, Th^el ; PsychropoteSj Th^el, Fig. III. 6 ; 
Benthodytesy Th4eL SuB-FAinLY 2. Deimatinae. Mouth sub - ventral. 
Papillae large and numerous. Tube-feet large, generally only on the lateral 
ventral radiL Calcareous ring of five radial and five interradial pieces. 
Gknital tubes in a right and left tufL Genera — A. With a row of large 
papillae above the lateral ventral podia. Median ventral podia rudimentary 
or absent. Twenty tentacles — Deima, Thdel (Fig. III. 1) ; Oneirophanta^ 
Th^el ; Orpknurgus, Th^el ; Scotodeimay Ludwig. R Without a distinct 
row of lateral ventral papillae, fifteen to twenty tentacles. Wheel 
spicules — Laetmogone, Th4el ; Hyodaemoriy Thdel (Fig. III. 2 ; Pan- 
nycktay Th^el ; Cop^Va, Ludwig. Sub -Family 3. Elpidhnae. Mouth 
generally sub-ventraL Papillae usually few and large. Podia only on 
the lateral ventral radiL Calcareous ring of five radial pieces. Genital 
tubes in one or two tufts. Genera — A- With ten tentacles — ParelptdiUy 
Th^el ; Elpidiay Th^el (Fig. III. 6) ; Scotoplanesy Thdel ; Kolga, Dan. 
and Koren ; Irpa, Dan. and Koren ; PeniagonCy Thdel (Fig. III. 4) ; 
ScotoanasM^ Th^eL R With more than ten tentacles — Achlyonicey 
Th^l ; EnypnuMteSy ThdeL 

The Elpidiidae are a deep-sea group of wonderfully diverse outward 
form. The body is generally flat or even concave ventrally ; it is often 
produced along its lateral ec^ into a brim, which may be posterior (as in 
Scotoplane8)y anterior (as in Elpidia purpurea, Th^el), both anterior and 
posterior (as in Scotoanassa), or all round (as in the Psychropotinae). 
The mouth may be quite ventral, and some way behind the anterior 
edge of the body (Fig. III. 5). The anus is terminal, dorsal, or ventral 
Tube-feet occur on the ventral radii only, and are often remarkable for 
their large size and paired arrangement (Fig. III. 6), resembling the feet 
of a segmented animal. The dorsal papillae also may be distinctly 
paired and very large (Fig. III. 1). Peculiar posterior dorsal appendages, 
sometimes of huge size (Fig. III. 5), are developed in Euphronides and 
Pgychropotes, Somewhat similar anterior appendages occur in Peniagone 
(Fig. III. 4). These outgrowths of the body- wall are often supplied with 
right and left canals from the radial, water -vascular system. The most 
characteristic spicules are C- shaped, four -armed wheels (Fig. III. 3), 
and perforated plates. The calcareous ring is generally but slightly 
developed ; in the Elpidiinae the five radial pieces only are represented 
as single-branched spicules. Auditory vesicles or otocysts are sometimes 
situated in the Elpidiinae along the circular and radial nerves, but chiefly 
along the lateral ventral radiL Of great interest is the relation of the 
stone-canal to the body-wall in this family. The primitive condition in 
which it opens by a single pore in front of the genital aperture is found 
in Elpidia (some species), Kolga, and other genera. In some forms, e,g, 
Laetmogone and Ilyodaemon (Fig. III. 9), it opens by a number of pores to 
the exterior. The external opening has been lost in Irpa, BenthodyteSy 
and others, the canal opening to the coelom, but being still connected 
with the body-walL There are no retractor muscles, and no Cuvierian 
organSb Although the Elpidiidae differ from the preceding family by the 
generally simple, unpaired structure of the longitudinal muscles (p. 224), 
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and the absence of well-developed respiratory trees (pp. 222, 225), yet 
they are undoubtedly closely related to them, and more especially to 
the Synallactinae. 

Family 3. Pelagothuriidae. Body cylindrical, and produced at the 
base of the crown of tentacles into an umbrella-like disc, drawn out 
into long slender rays. Mouth and anus terminal. No podia ; branches 
of the tentacle canals extending into the rays of the disc. No retractors 
and no respiratory trees ; a single stone-canal opening to the exterior. 
Right and left tufts of genital tubea No calcareous skeleton. Genus — 
Pelagothuria, Ludwig (Fig. III. 7 and 8), represented only by a remarkable 
free-swimming Holothurian, Pelagothuria natatrix, recently discovered in 
the Pacific The thirteen to sixteen tentacles are forked and beset with 
papillae, and the disc is produced into a corresponding number of rays, 
each containing a branch of the tentacular canaL These rays may repre- 
sent the modified tentacular ampullae of the Holothuriidae ; or the disc 
may be derived from the anterior brim, which occurs in the two preceding 
fieimilies. The five radial vessels are normally developed, in spite of the 
absence of podia. The longitudinal muscles are in simple bands. Neither 
calcareous ring nor calcareous spicules are developed. 

This highly modified form undoubtedly belongs to the Actinopoda, 
since there are radial canals, and the circular muscles are interrupted 
at the radii. The absence of respiratory trees, and of free tentacular 
ampullae, and the simple longitudinal muscles remove it from the Mol- 
padidae ; whilst the first of these charactei-s, combined with the absence 
of podia and retractors, separate it from the Cucumariidae. With the 
Elpidiidae, on the other hand, it has many characters in common, such 
as the single stone-canal opening to the exterior, the simple longitudinal 
muscles, the absence of respiratory trees, and the reduction of free ten- 
tacular ampullae and the calcareous ring. Pelagothuria^ therefore, is 
probably a free-swimming form derived from an Elpidiid ancestor. 

Family 4. Cucumariidae. Podia generally tube-feet only and no 
papillae. Mouth and anus terminal or dorsal Tentacles eight to thirty, 
branched. Tentacle ampullae rudimentary or absent Madreporite in- 
temaL Calcareous ring of five radial and five interradial pieces. Re- 
tractor muscles. Longitudinal muscles generally simple. Respiratory 
trees well developed. Ciivierian organs rare. Right and left tufts of 
genital tubes. Spicules chiefly rods and knobbed, perforated plates. 
(Jenera — A. With distinct creeping sole. Ventral podia restricted to 
radii — Colochirus^ Troschel ; Psolidmmy Ludwig ; Theeliay Ludwig 
(Fig. IV. 10) ; Psolusy Oken (Fig. IV. 8). B. Without distinct creeping 
sole — Thyone, Oken (Fig. IV. 11); Orcula, Troschel; Phyllophorus, Grube ; 
all with scattered podia (generally). With podia more or less restricted 
to the radii ; Cucumariay Blainville (Fig. IV. 1, 2, 3, 4, and 5 ; Pseudo- 
CMcwmts, Ludwig ; ^c^tnocucwmis, Ludwig; ^c^inocitcitrnts, Sars; Sphaero- 
thuria, Ludwig (Fig. IV. 9). C. Flask-shaped, with mouth and anus close 
together — Rhopalodinay Gray (Fig. IV. 7). 

The Cucumariidae are distinguished by the possession of delicate re- 
tractile arborescent tentacles (Fig. IV. 3 and 4). Frequently the two 
median ventral tentacles are smaller than the othei-s (Fig. IV. 3), as in species 
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of Cucumaria and Psolus ; in other cases several tentacles may be small, 
and these may even form an inner ring surrounded by an outer ring 
of large tentacles, as in Phyllophorus and Psendocucumis, The stone- 
canal may be single or multiple. Five powerful retractor muscles, reach- 
ing from the body -wall to the radial pieces of the calcareous ring 
(Fig. IV. 1 and 5, r.m)y serve to invaginate the anterior region of the body 
so as to withdraw the mouth and tentacles out of sight (Fig. IV. 6). The 
body-wall in the anterior region is thinner and often devoid of podia 
(Fig. IV. 1 1). Every stage is exhibited between the arrangement of the 
podia in a double row along the radii, as in Gucurtuiria penUictei 
(Fig. IV, 4), and their distribution over the interradial areas, as in Thyone 
fusuB (Fig. IV. 11). In Theelia they are nearly, and in Psolus entirely, 
reduced on the " dorsal " surface. This is correlated with the develop- 
ment of a very distinct creeping sole, to which the podia are restricted 
(Fig. IV. 10 and 8). In these genera the calcareous deposits in the dorsal 
region form large plates or scales ; five triangular so-called " oral " plates 
close over the introverted anterior region, and small plates may surround 
the anus. In Colochirus and Actinocucumis somewhat similar valves are 
developed in front. Although the spicules may be in the form of large 
perforated plates, sometimes produced.into spines, as in Sphaerothuria 
bitentaculata, Ludwig (Fig. IV. 9), they are more usually rods or knobbed 
buttons and plates (Fig. IV. 2). 

The calcareous ring in the Cucumariidae is very well developed, the 
pieces being large, and frequently made up of several plates fitting 
together. The radial segments, to which the retractors are attached, are 
generally produced backwards into two long processes (Fig. IV. 6). A 
more or less pronounced bilateral symmetry is often brought about by 
the unequal development or fusion of the pieces. Cuvierian organs 
have been described in Cucumaria frondosa and C. nigricans. The genital 
tufts are paired, and lead into a duct which usually opens to the exterior 
on a papilla within the circlet of tentacles (Fig. IV. 1 and 3, g.p). 

In Sphaerothuria (Fig. IV. 9) the dorsal surface is reduced, the 
mouth and anus being approximated and the ventral radii much curved ; 
this process is carried to an extreme in the extraordinary genus JK^- 
palodina (Fig. IV. 7), where the body has assumed a flask-shape, the 
mouth and anus are close together at the small end, while the rsulii are 
bent round. This appearance misled the early observers, who described 
Rhopalodina as having ten radii. 

Whilst the Cucumariidae resemble the Holothuriidae in the poesesBion 
of well-developed respiratory trees, they differ markedly from all the 
preceding families in the shape of the tentacles and the presence of 
retractor muscles. 

Family 5. Molpadiidae. Neither tube-feet nor papillae. The 
posterior region generally tapering. Mouth and anus terminaL Generally 
fifteen simple or digitate tentacles. Tentacle ampullae well developed. 
Calcareous ring of five radial and five interradial pieces. Single stone- 
canal with an internal madreporite. Longitudinal muscle bands more 
or less paired. Respiratory trees present; Cuvierian organs rare. 
Genital tubes in right and left tufts. Genera — A. With well-developed 
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The Molpodiidae are rounded forms, with generally a tapering, tail- 
ce, poet«ri(u end. The tentacles are simple processes, or of lobed or 
gitate shape. Their ampullae are large and free, except in Evjiyrgui (7). 
Iiere are no podia, unless they be represented by the anal papillae. As 
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in the preceding family, the calcareous ring is well developed, often 
bilaterally symmetrical, and with radial pieces strongly forked behind. 
In Trochostoma and Ankyrodemxa the stone-canal is still connected with 
the body -wall. Cuvierian organs have been descril)ed in Molpadia 
chilensis, J. MiilL The calcareous spicules are very similar to those of 
the Cucumariidae, except in Ankyrodemia, which has peculiar anchor-like 
spicules (Fig. I. 11), somewhat resembling those found in Synapta 
(Fig. V. 6). Trochostoma has red calcareous deposits. 

The presence of retractor muscles, the structure of the calcareous 
ring, and the general anatomy of the Molpadiidae indicate their close 
relationship to the Cucumariidae. 



Ordkr 2. Paractinopoda, Ludwig. 

The five radial canals have disappeared in the adult There are no 
tube-feet or papillae, and the tentacles are suj^plied directly from tlie 
circular canal (Fig. V. 3). 

Family, Synaptidae. Body cylindrical and elongated. Mouth and 
anus terminal. Tentacles pennate or digitate. Tentacle ampullae small 
or rudimentary. Calcareous ring of five radial, and frequently more 
than five interradial, pieces. One or more internal madreporites. 
Auditory vesicles on the nulial nerves. Circular muscles uninterrupted 
at the radii. Longitudinal muscles as a rule unpaired. Neither respira- 
tory trees nor Cuvierian organs. Ciliated funnels on the coelomic epi- 
thelium. Genital tubes in right and left tufts, often hermaphrodite. 
Calcareous spicules as wheels, anchors, etc. Genera — A. Spicules various ; 
no w^heels in the adult. Synajyta, Eschscholtz (Fig. V. 1) ; Anapt<ij 
Semper. B. With wheels — Chiridota, Eschscholtz ; Trochodotay Ludwig ; 
Trochoderma, Theel ; Myriotrochus, Steenstrup ; Acunthotrochus, Danielssen 
& Koren. 

The tentacles of the Synaptidae vary in number from ten to twenty- 
five. When they exceed ten in numl)er there is asually a corresponding 
increase in the number of the interradial pieces of the calcareous ring. 
The radial pieces are often pierced anteriorly. There are some very 
characteristic spicules, such as tlie many-spoked "wheels" (Fig. V. 7) 
of some genera (and in the larva of Synapta), and the anchors and 
anchor-plates in Synapta (Fig. V. 6, an, an.p). The j^erforated anchor- 
plates lie in the cutis parallel with the surface, whilst the "shank" 
of the anchors rest against them, the "arms" projecting towards the 
surface. They aid locomotion (Osteigren, 1897). A pair of auditory 
vesicles, or otocysts, has been found at the base of the five radial 
nerves in Synapta and other forms (V. ox). Sense organs, some pig- 
mented and perhaps representing eyes, occiu* in some species on the 
tentacles. The ratlial water- vascular canals, which are al)sent in the 
adult, are temporarily developed in the larva (Fig. I. 8, r.cc). The 
tentacular canals, coming from the circular canal, may branch and 
supply several tentacles. The layer of circular muscles is not inter- 
rupted at the radii, as in the Actinopoda. Retractor muscles are de- 
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veloped in some species of Synapta and Chiridotu, Very remarkable are 
the funnels or ciliated urns (Fig. V. 4, c.u) situated on the mesentery, 
and sometimes also on the inner surface of the body-walL These cup- 
shaped organs, the function of which is obscure, are attached by stalks to 
the epithelium, and may be joined together into large bunches {Ghiridota). 
The genera Synapta, Anapta, Chiridota, and Trochodota are herma- 
phrodite. The genital pore is situated behind the tentacles (Fig. V. 2). 

The absence of radial water- vascular canals, and of interruptions in the 
circular musculature, as well as the presence of ciliated urns, distinguish 
the Synaptidae from all the preceding families. The first of these 
characters has no doubt been secondarily acquired, since the canals are 
present in the larva; correlated with this reduction is the method of 
progression by means of the tentacles and of contractions of the body- 
wall, accompanied by the entire disappearance of podia. On the other 
hand, the shape of the tentacles, the spicules, the presence of retractors, 
indicate a distant relationship to the Molpadiidae. 

Phylogeny of the Holothurioidea. — It has been shown above 
that the Actinopod Holothurians fall into two groups. In the first, 
containing the Holothuriidae, Elpidiidae, and Polagothuriidae, the 
tentacles are more or less peltate ; the calcareous ring is radially 
symmetrical and of simple stnicture, it may be reduced and even 
absent ; the stone-canal often retains its primitive opening to the 
exterior ; the genital tubes are sometimes restricted to the left side ; 
there are never retractor muscles. In the second group, containing 
the Cuciunariidae and Molpadiidae, the tentacles are simple or 
branched, never peltate ; the calcareous ring is much developed, 
with posterior prolongations, and often bilaterally symmetrical ; the 
stone-canal always opens internally ; there are always right and left 
tufts of genital tubes ; retractors are generally developed. The 
two groups, then, probably represent two diverging stems, arising 
from a common ancestor possessed of respiratory trees. The Syn- 
aptidae would appear to have come off far down the Cucumarian 
stem, perhaps in common with the Molpadiidae. These relation- 
ships may be expressed in the following diagram : — 

PeUgothuriidae. 

Elpidiidae. 



^^^^ olothuriidae. 

Holothurioidean. 

ancestor. _ 

Cucumariidae. 




Molpadiidae. 
Synaptidae. 
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Little is known concerning the origin of the class. It may, 
however, safely be conjectured that the Holothurians are derived 
from an Echinoderm ancestor with five tjrpically developed radii, 
along which ran branches of the nervous and water-vascular systems, 
the latter provided with podia. The outward bilateral symmetry 
of the Holothurians seems to have been secondarily acquired in 
connection with their free-moving mode of life.^ 
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CHAPTER XIV. 

THE STELLEROIDEA.^ 

CLASS II. STELLEROIDEA. 

Sub-Class 1. Asteroidea. 

Order 1. Phanerozonia. 
„ 2. Crjrptozonia. 

Sub-Class 2. Ophiuroidea. 

Order 1. Lysophiurae. 

,, 2. Streptophiurae. 

„ 3. ClacLophiurae. 

„ 4. Zygophiurae. 

The class of the Stelleroidea includes the starfish, brittle stars, 
sand stars, basket-fish, and branching stars, all of which are 
characterised by a depressed stellate body composed of a central 
disc, whence radiates a number of rays or arms. They have 
radiately arranged genital organs (i.e. are actinogonidial) ; they are 
not attached by the aboral surface, nor is the oral surface furnished 
with ciliated food-grooves (i.e. are eleutherozoic) ; and they usually 
have the podia limited to the lower half of the body {i,e, are 
lysactinic), instead of having them continued upward to the apical 
plates, as in typical sea-urchins (which are desmactinic). The 
radial water-vascular vessels lie along the under sides of the arms, 
and are exterior to the ambulacral ossicles. The aperture of 
the water-vascular system or madreporite is not connected with 
the apical plates, as it is in all the Echinoids except Echinocystis. 

This list of characters is quite sufficient to mark off the 
Stelleroids from all other Echinoderms. The class is divided into 
two groups — the Asteroidea and Ophiuroidea — each of which is 
usually ranked as a distinct class, but no definite line of separa- 
tion can be drawn between them. The two characters on which 
reliance is generally placed are the presence of an ambulacral 

1 By J. W. Gregory, D.Sc. MS. closed at eud of 1896. 
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groove in the Asteroids and its absence in Ophiuroids ; and the 
restriction of the digestive and generative organs to the disc, and 
consequent sharp distinction between body and arms, in the latter. 
The first character is unreliable, as in the living 02}hioferesis there 
are no ventral plates, and a shallow ambulacral furrow is accord- 
ingly present. One order of fossil Ophiuroids — the Lysophiurae 
— has the same feature more strongly marked. The differentia- 
tion of the body into disc and arms happens in most Ophiuroids, 
but also in some Asteroids, e.g, Freyella, The restriction of the 
digestive organs to the disc appears to offer a more reliable 
character; but in Astrophiura the arms are sharply marked off 
from the disc and contain no digestive caeca, while the ambulacral 
ossicles are asteroid. Similarly the digestive and genital systems 
of the Asteroids, Colpaster, and some species of Freyella must be 
limited either to the well-marked disc, or at most to the bases of 
the arms ; while the arm structure is practically identical with 
that of some Palaeozoic Ophiuroids. It must be remembered, 
moreover, that the digestive sac of Ophiuroids is marked by a 
series of radial bulgings, which may be homologous with the 
radial caeca of Asteroids. The position of the madreporite is relied 
on by Perrier, but it will not serve ; in the Asteroids, Asterina, 
and Falasteriscus it is ventral, as in most Ophiuroids. 

Not only is there no character which serves to separate the 
Ophiuroids and Asteroids, but the whole structure of the body is 
on the same plan in both groups. It consists in both of a central 
disc and a series of (usually five) radial rays. The skeleton in 
each ray consists essentially of two series of plates — the ambu- 
lacral and adambulacral. The former lie internal to the radial 
water- vascular vessel, and the furrow which this occupies is later- 
ally protected by the adambulacral plates. Additional elements 
may occur, but are not found in all members of either division. 
The mouth armature consists of a ring round the mouth, formed, 
by the union of one or more pairs of ambulacral and adambulacral 
plates for each arm, and bearing spines modified to serve as teeth. 
The body is protected by accessory plates or granules in the integu- 
ment ; these plates may be protected by spines and pedicellariae. 

The alimentary system consists of a central digestive sac, 
opening by a mouth at the centre of the ventral surface ; the size 
of the digestive sac is increased by radial bulgings, of which there 
are as many pairs as the Stelleroid has arms ; these bulgings may be 
short and limited to the disc or base of the arms, or extend up 
the arms. There may or may not be an anus. 

The water- vascular system consists of a ring round the 
oesophagus ; a radial vessel runs up each arm from the ring, which 
also bears a series of Polian vesicles, or sac-like diverticula. The 
radial vessels give off a pair of branches in each segment ; each 
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branch ends in a podion, which may be pointed, or may end in a 
sucker. Connected with each podion there may be a globular 
ampulla (absent from some Asteroids, e,g, Brisinga and from all 
Ophiuroids). The madreporite in either group is dorsal, marginal, 
or ventral. The nervous system comprises a circumoesophageal 
ring and a radial branch along each arm or ray. 

The reproductive organs consist of strands connected with the 
axial coelomic system ; there is a central ring whence a pair of 
strands pass to each ray. A number of small gonads occur on 
each strand ; the gonads of each strand may be grouped into one 
bundle, with a common aperture at the margin of the disc (as in the 
Asteroid Asterias and the Ophiuroid Ophiothrix) ; or they may occur 
only at the bases of the arms, as in Freyella ; or they may occur as 
a series of distinct gonads with separate apertures, as in Brisinga and 
Ophiadis. In most Ophiuroids the gonads discharge into a bursa. 

As both Ophiuroids and Asteroids are therefore constructed 
upon the same fundamental plan, as they contain the same varia- 
tions from the typical arrangement, and as there is not a single 
constant difference between them, it seems indispensable that they 
should be united into one class, the Stelleroidea, which may be 
diagnosed as follows : — 

Eleutherozoic, actinogonidial, and lysactinic Echinoderma in 
which ambulacral plates lie internal to the radial ambulacral vessels. 
The madreporite is not connected with an apical system of plates. 
The body is more or less depressed, and is markedly stellate. 

In spite of the fact that the separate treatment of the Asteroids 
and Ophiuroids has led to many unfortunate errors, and still 
hampers the classification of the group, it seems advisable here 
to consider the sub-classes separately. 

Sub-Class 1. Asteroidea. 

The sub-class Asteroidea includes the Echinoderms known as 
Starfish. The animals consist of a central body marked on the 
ventral side by a series of radial furrows which are usually continued 
outward along prolongations of the body known as arms. They 
live on the sea-floor and creep about by means of suckers or podia in 
the radial furrows, the side containing which is always placed down- 
wards. The general aspect of starfish is therefore very different 
from that of any of the previously described groups of Echinoderms. 
They are closely related to the Ophiuroids, and no very satisfactory 
line of demarcation can be drawn between the two sub-classes ; but 
the Asteroids usually have diverticula from the alimentary canal 
extending along the arms, which pass gradually into the disc. 

Before 1 84 1 the Asteroids and Ophiuroids were always considered 
members of one group. Thus J. H. Linck (23), who in 1733 began 



240 THE STELLEROIDEA 

the systematic study of the Stelleroids, included members of both 
Bub-classea in his group "Stella." He separated the AsteroidB as the 
Stellae fissae, which he divided according to the number of arnu or 
rays into such divisions as Trisadts, TeiradU, Hexactis, etc. Linnaeus 
in 1766 included both subclasses as well as some unstalked 
Crinoids ia his genus Asterias, grouping all the starfish together as 
"Stellatae." Lamarck in 1816 (21), de Blainville {1830 and 
1834), Nardo and Brandt (1834), and L. Agassiz (1835) proposed 
various divisions of Aslerias, which these authors recognised to be 
a family or order. In 1840 Gray's SyTwpsis, and Miiller and 
Troschei's essay, t/efter die Gatltingen der Asterien (35), first prepared 
the way for a scientific classification. In 1842 the latter authors' 
System der Asteriden (36) laid the foundation for all later work. 

After thatdate additions to our knowledge of the recent Asteroids 
have been made by many authors, especially A. Agassiz, Barrett, 
Bell, Daniolssen, Fewkes, Forbes, Gray, Jullien, Koren, de Loriol 
le Fort, Liitken, Marenzeller, Martens, Moehius, Perrier, Philippi, 
Sars, Sladen, E. A. Smith, Stimpsoii, Studer, Thompson, Verrill, 
Viguier, The fossil forms have been described by E. Billings, Elck, 
Forbes, E. Fraas, Goldfuas, Heller, Hall, de Loriol Ic Fort, Miiller, 
C. F. Roemer, Salter, Simonowitsch, Stiirtz, Wright, and others. 

The study of the anatomy of Asteroids received its first stimulus 
from the researches of Joh. Miiller (34). The skeleton has been 
described by Meckel (1828), Duvernoy (1848), Gaudry (13), and 
especially Viguier (52). Perrier has devoted most attention to the 
pedicellariae (1875 und 1884). The study of the visceral anatomy 
was begun by Tiedemann, DcUe Chiajo, and Meckel ; and of the 
nervous system by Krohn. 
The present position of the 
subject is due mainly to 
Ludwig (25), Cu^not (8, 9), 
and Hamann (17). 

The embryology has 

been worked out by many 

authors, the study of the 

early stages being unusually 

easy ; among contributions 

to this branch of the subject 

are those of Joh. Muller 

(1848 - 55), A. Agassiz 

(1877), Ludwig (1882), 

MacBride(1893 and 1894), 

A<MLh.i»,u^«eor^rf,XrMr,.,»iti.»po.uonw (32, 33), and Bury (1889 

'"'«"'^- and 1895). 

The principal classifications after those of Gray, and of Muller 

and Troschel, are those of Viguier (1878), (52), based on the oral 
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skeleton, of Perrier (1884 and 1894), (38), on the pedicellariae, 
andof Sladen (1889), (48). 

Structure of a Tsrpical Asteroid. — The common English star- 
fish (Asierias rubensy L.) is a convenient type of the Asteroidea. It 
has a flattened body composed of a central disc from which radiate 
five arms (Fig. I.). The upper or abactinal surface of the Body is 
covered by an integument or perisoma (Fig. II.), composed of a 
network of calcareous rods, the meshes between which are closed 
by tough membrane. The anus opens almost 
in the centre of the abactinal surface. 
Between the anus and one of the angles 
between the rays occurs the madreporite, a 
thick grooved plate, perforated by pores 
leading to the water-vascular system. 

The ventral surface of each Arm is tra- 
versed by a broad groove ; since the grooves 
radiate from the mouth to the ends of the fio. ii. 

arms, the ventral surface is known as the ^«f«na< ni/^rw, part of abac 

• •1 X rn-t j.i_ • A ^i- J. tiiial skeleton. 

actinal surface. The mouth is at the centre 
of this side of the body, and is surrounded by spines (the " mouth 
papillae "). The grooves are occupied by four rows of suckers or 
podia, and therefore correspond to the ambulacral areas of the 
Echinoid. On either side of the grooves are three rows of spines. 
Dissection is necessary for the recognition of any further points 
in the structure of the Asterias. By the removal of some of the 
podia, the ambulacral grooves may be seen to lie outside a series 
of pairs of narrow plates — the ambulacral ossicles (Fig. III.). The 

two series of ossicles meet 
in the middle line ; laterally 
they abut against a row 
of adambulacral ossicles, be- 
yond which are further rows 
p,^, i£i of interambulacral and mar- 

^s(erfa« nt6«w, ambulacral and adambulacral plat«*«. glUal OSSiclcS, all of which 

a, apertures for podia. ^re Comparatively small. The 

ossicles are protected by spines and pedicellariae similar to, but 
simpler than, those of Echinoidea. 

The Oral Skeleton (or actinostomial ring) consists of a solid 
calcareous ring around the mouth. It is composed of thirty plates 
in a quinqueradiate starfish, there being always six times as many 
plates as there are rays. Each segment of the oral skeleton con- 
sists of two pairs of ambulacral, and of one pair of adambulacral 
ossicles. In Asterias the ambulacral plates are more prominent 
than the adambulacrals, and project into the oral cavity. The 
mouth armature is therefore on the ambulacral type (Viguier, 
52). 

16 
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The Alimentary System consists of a mouth at the centre of 
the actinal surface of the starfish. The oesophagus ie very short 
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and leads to a large stomach, which occupies most of the disc. 
From the stomach five branches pass off, one to each ray. Each 
branch divides into two caeca, which lie one on either side of the 
ray. From the stomach a short rectum leads upward to the anus, 
which opens on the abactinal surface at a little distance from the 
centre. Two small longitudinally folded diverticula from the 
rectum occur below the anus. These rectal caeca occupy a 
similar position to the " respiratory trees " of Holothurians, with 
which they may be homologous. 

The Water- Vascular System consists of a circular vessel round 
the oesophagus (the circumoesophageal canal or water- vascular ring), 
from which, in a five-rayed starfish, there are eleven offsets. The 
most important are the five radial canals, one of which passes 
along each ray, just external to the ambulacral ossicles. From 
these radial canals branches are given off on either side ; each 
branch ends in a tubular podion, which consists of an internal 
reservoir or ampulla situated above the ambulacral ossicles, and of 
an external tube or sucker. Valves occur on the transverse branches, 
and prevent water, expelled from the ampulla, returning into 
the radial vessel : thev thus direct it into the sucker. The next 
set of offsets from the circumoesophageal canal are five sac-like 
" Polian vesicles," one in each interradius ; they act as reservoirs 
for the water-vascular system. The last (eleventh) vessel on the 
circumoesophageal canal is the "stone-canal," which runs from 
the base of one of the Polian vesicles to the upper surface of the 
starfish. It expands above, and its upper end is attached to the 
madreporite, through the pores in which water enters the water- 
vascular system. 

The circumoesophageal canal also supports nine tufts of 
tubules known as Tiedemann's bodies ; there is a pair of tufts 
in each interradius, one on either side of the base of the " Polian 
vesicle," but in the interradius containing the stone-canal there is 
only a single Tiedemann's body. 

The presence of a blood-vascular system in Asteroids is not yet 
determined, the organs described as such belonging to the Pseud- 
haemal System (cf. pp. 22, 26). The main organ in this system 
is the " axial sinus," which is a rather thick vertical tube sur- 
rounding the stone-canal. It communicates below with a ring (the 
circumoesophageal pseudhaemal ring), which surrounds the mouth 
and gives off five radial branches, which pass one along the upper 
side of each ray. At its upper end the axial sinus communicates 
with the genital ring ; attached to this ring are five pairs of short 
processes, while an additional pair passes beside a prolongation of 
the axial sinus leading to the madreporite. Some of the pores of 
the madreporite open to the axial sinus, and there is no known 
direct communication between the latter and the stone-canal. 
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Brwinga eonmata. Ata(.'tini] lurlkce. 

The Nervous SjBtem consists of three disconnected sets of 
nerves. The most important set is composed of a circumoral 
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ring, from which a branch runs up each ray between the rows of 
tube-feet, and external to the pseudhaemal radial vessel. Each 
branch gives off nerves to the tube-feet and ectoderm of its ray. 
The second set of nerves consists of bands lying internal to the 
radial branches of the first set ; they lie along the perihaemal canal, 
which surrounds the pseudhaemal vessel ; the branches from these 
nerves supply the muscles of the ambulacral ossicles. The third 
group of nerves is abactinal in positioD; there is a ring round 
the anus, giving off a branch along the upper side of each ray, and 
innervating the muscles of the body wall. 

The Genital Organs of Asterias consist of ten branched glands, 




a pair be ng a tuated on the dorsal s de of each ray close to the 
disc. Each g and has a separate ape ure on the abact nal surface. 

The only spec al reap atory organs are a series of long tubular 
prolongations of the body -cavity, known as papulae, dermal 
branchiae, lymph gills, or branchial vesicles. In Asterias they 
occur on all sides of the rays and disc. 

The most interesting sensory organ of Asterias is a small 
eye-spot on the terminal podion of each ray (Pig. XXV. on 
p. 30). The animal has an olfactory sense, for it will follow 
food, even after the eyfr^pots have been destroyed ; the situation 
of this sense is diffuse, for any part of a starfish arm that can 
move independently will follow food (Romanes) ; but Prouho 
limits the sense of smell to a few podia near the end of the ray, 
which he calls " palps." 



246 THE STELLEROIDEA 

The Variations in Structnre from the typical genus are less 
remarkable among the Asteroids than among the Echinoids and 
Ophiuroids. 

In shape the extremes are genera such as Brisin^a (Fig. V.) or 
Freyelhy and Culcita (Fig. VI.). In the first two the arms are 
numerous and slender, and sharply marked off from the disc. In 
the last the body is bun-shaped, and the ambulacra extend for a 
short distance over the abactinal surface. 

The most conspicuous variation from Asferias in skeletal 
structure is due to the presence of a series of thick plates round 
the margin both of arms and disc. These marginal plates are 
best developed in the order Phanerozonia. There may be two 
series, one above the other, and known respectively as supra- 
marginals and infra -marginals (Fig. VII. d and c) ; in some 
genera intermarginal plates occur between these two series. 

The spaces (actinal interbrachial 
areas) between the marginal 
plates and the ambulacral fur- 
rows may be occupied by a 
series of accessory plates, form- 
ing a pavement like mosaic. 

The accessory plates on the 
abactinal side may be large or 
small, equal or unequal. In 
some species the central plate 

supra-ambuiacrai piatcM ; 6, ambuiacrBi plates ; maining plates are arranfi^od in 

«? and d, inferior and superior lateral plates: r, . i j '^ mi i ^ r 

iiorsai putes with pexiiiae. Circles Tound it. 1 he plates of 

three of these circles have been 
regarded as the homologues of the calycinal plates of Crinoids, and 
are accordingly sometimes named the radials, basals, and infra- 
basals (but see p. 14). In Cnemidiasier myvilJei the central, and 
the so-called radials and basals are present ; in Zm-oasier fvlgens 
there are infra-basals as well. The order of development of these 
plates is as follows : — First five plates appear round the centre 
of the abactinal surface ; these plates move outwards to the arm- 
tips, and form the terminals ; a second ring appears, the plates of 
which are the " basals " ; the central plate next develops in the 
centre of this ring ; the radial circle follows, and after that come 
the "infra-basals." Between the plates of the last set and the 
central some genera have additional plates, which cannot be 
homologised with any in Crinoids. 

The Oral Skeleton consists of a ring of plates round the mouth. 
The ring is composed of as many segments as the starfish has rays, 
and each segment is interradial, and forms an '^oral angle"; it 
consists of two sets of plates, usually three in number. 




Fio. VII. 
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The oral skeleton is described as either ambulacral or adam- 
bulacral, according as the ambulacral or adambulacral plates 
are the more prominent. Viguier, in his important memoir on 
the skeleton of the Asteroids, pointed out the existence of these 
two types, and based his classification upon this character. As we 
have seen, in the genus Asterias the oral skeleton consists of a 
solid ring, in which the ambulacral plates form five prominences, 
while the adambulacral plates are small, and occur in the angles 
between them. Such a mouth-structure is described by Viguier as 
"ambulacral." In PerUaceros (Oredster), on the other hand, the 
ambulacral plates are inconspicuous, and the adambulacral plates 
project into the buccal cavity and form the jaws. This type is 
Viguier's " adambulacral mouth." In both cases above the adam- 
bulacral plates is a basal, interbrachial, or oral plate which is 
called by Viguier the odontophore, although it does not bear the 
teeth ; its value is of secondary importance. 

The Pedicellariae of Asteroids are of four main types. The 
simplest form consists of a row of pairs of small, sessile, opposable 
spines ; these are the " pseudo- pedicellariae." The members of 
the second set are " sessile." The next advance is the develop- 
ment of a stalk ; of these pedunculate pedicellariae there are 
two varieties: (1) the " forficiform," in which the two hooks are 
attached to the nearest end of the basal plate nearest to them ; 
(2) the " forcipiform," in which the two hooks cross one another 
and are attached to the end of the basal plate furthest from them. 
Perrier has used the pedicellariae as the basis of his classification 
of the Asteroids, on the ground that they are the degenerate repre- 
sentatives of organs once more important. Other authors, however, 
regard them as modified and elaborated spines, in which case they 
are of little taxonomic value. 

Another type of spines occurs as part of the structures known 
as " paxillae." Each paxilla consists of a thick plate supporting a 
number of short, calcareous pillars, the summit of each of which 
is covered by a group of small spines. In some Phanerozonia, such 
as A stropect eTiy the paxillae occupy almost the whole abactinal 
surface of the Asteroid (Fig. VII.). 

The Water-Vascular System is on the same plan as in Asterias^ 
but there are the following modifications : — In most starfish there 
is a pair of Polian vesicles in each interradius ; they rise from the 
circumoesophageal vessel beside the Tiedemann's body. The 
radial branches and its podia are simplified by the absence of 
ampullae, as in Brisinga^ or by the podia ending in points instead 
of suckers, as in the Astropectinidae. Suckers are improvised in 
such pointed |X)dia by a contraction of the walls below the end. 

The number of madreporites is very variable among the 
Asteroids ; in most of those with many rays there are several 
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madreporites, but in the Solasteridae there is but one; on the 
other hand, many five-rayed starfish, such as Asterias capensiSy have 
more than one. The stone-canal is repeated, especially in forms 
which reproduce asexually. 

There is no anus in the Astropectinidae, the members of which 
are more primitive than Asterias in many respects. The radial caeca 
of the stomach remain constant, but the rectal caeca vary in number 
and arrangement ; they are increased to five in many genera, and 
in Culcita each of the five caeca branches into two. 

The "papulae" or branchial vesicles, which, in Asterias, rise 
from all parts of the external surface, are limited among Phaner- 
ozonia to the abactinal surface, and to the area enclosed by the 
supra-marginal plates. 

The Genital Organs are, as a rule, less concentrated than in 
Asterias, The glands are rej^eated along the arms ; in the simplest 
cases each series discharges its products by a single sieve-plate. 
The extreme case is in Brisvnga^ where there are a series of separate 
glands along the arm, one pair to each segment, and each gland 
discharges by a separate aperture. 

In Asterina gibbosa the genital orifice is on the ventral or 
actinal surface, as in Ophiuroids. 

The development of the Asteroids is generally indirect, the larva 
passing through a metamorphosis. The typical form of larva is 
the Bipinnaria, which passes through an Auriadaria stage and thus 
resembles the larvae of the Holothurians rather than of the 
Echinoidea or Ophiuroidea (see p. 5). In some cases the Bipinnaria 
develops into a Brachiolaria by the division of the frontal process 
of the larva into three branches. In some genera, such as Asterina 
(the development of which has been studied with especial care), 
the Bipinnaria stage is never developed, although the larvae are 
free-swimming and undergo metamorphosis. In other cases, e,g. 
in Blakiasfer and Pteraster, the development is direct; in the 
former case, the ova develop in " arcade-like spaces " between the 
paxillae of the abactinal surface ; in the latter there is a large 
marsupium formed by the presence of a supra-dorsal membrane 
rising above the abactinal surface. 

Asexual reproduction is not uncommon ; it results either from 
a division of the body, approximately into halves, or by regrowth 
of the disc from an arm that has been thrown off. The latter 
method occurs especially in LinckUi, and with the first appearance 
of the disc the starfish is said to assume the comet form. 

Proceeding to the Systematic Description of the orders and families, 
we may sum up the foregoing characters in the following Diagnosis of 
the Snb-Olass.^ The Asteroidea are clcutherozoic, actinogonidial, and 

' Emended from Bell (4), p. 19 ; the terms are eiq^lained, anteft, p. 237. 



THE STELLEROIDEA 249 



lysactinic Echinoderms in which there is an ambulacral groove. The 
arms generally pass gradually into the disc, but in some cases are 
sharply marked off from it. The digestive system generally has an anus, 
and shares in the stellate disposition of the body. Pentameric repetition 
is more often exceeded in this than in any other class, and asexual repro- 
duction is not uncommon. Respiration diffuse. The madreporic aperture 
is generally abactinal. 

This diagnosis at once sharply separates the Asteroids from all 
Echinoderms except Ophiuroids, between which, as we have seen (p. 238), 
it is not possible at present to draw any precise line of separation. The 
Asteroidea, however, always have an open actinal groove, whereas this 
is exceptional among the Ophiuroidea ; the arms usually pass gradually 
into the disc, and generally contain throughout prolongations of the genital 
and alimentary systems. 

Order 1. Phanerozonia, Sladen. 

Asteroidea with large marginal plates, and with the dermal branchiae 
or lymph gills limited to the abactinal surface. 

This order includes a group of starfish which began in the Cambrian 
age and has lived on till the present time. Its members can be readily 
distinguished by the large size of the marginal plates. The limitation of 
the dermal branchiae to the abactinal surface is a more primitive con- 
dition than that met with in the Cryptozonia. Embryological evidence, 
and the greater importance of the order in the Palaeozoic and Mesozoic 
eras also suggest that this is the simpler of the two orders of star- 
fish. 

The Palaeozoic genera appear ta be normal members of this order, 
and some of them may be included in existing families. They are, how- 
ever, often all grouped together as an order, the ** Pala?asteroidea," and 
separated from all the later, or " Euasteroidea." The character on which 
this separation is based is the alternation of the ambulacral ossicles in the 
former, whereas they are said to be always opposite in poet-Palaeozoic 
Asteroids. This character is of great importance among Ophiuroids, for 
when the ossicles are alternately arranged, they cannot be united into verte- 
bral ossicles. But when the ossicles are narrow, thin plates, closely packed 
into two series, one on either side of a ray, and when the separate ossicles 
meet those of the other side only by their narrow ends, then alternation 
is very likely to arise from growth pressure. In fact, one part of an 
arm may have the ambulacral ossicles alternate, while in another part 
they may be opposite. The character, moreover, is one on which little 
reliance can be placed when applied to fossils, for a slight movement is 
sufiicient to alter the relative positions of the two seriea It is difficult 
to explain the relative positions of the ambulacral ossicles in different 
arms of the same Asteroid, except on the assumption that the two series 
moved past one another during the lateral bending of the arm. Alterna- 
tion of the ossicles was probably an original character ; but as the arms 
became flexible with the reduction of the external skeleton, and as the 
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ambulacral ossicles became narrower, greater freedom was gained by the 
opposition of the two plates of a pair. The artificial nature of the 
divisions based on this character is shown by Stiirtz's action in dividing 
several of his families into halves and placing members of the same 
family in two different orders. Thus he founded a family Pala'echiii- 
asteridae for the genera Ediinasterellu and PaUisteriscus ; but he include<l 
the latter among the division w^ith alternate ambulacral ossicles, and the 
former in the division in which these ossicles are opposite. As the 
" Palseasteroidea " include representatives of both Phanerozonate and 
Cryptozonate Asteroids, and of several families of each, it is necessary to 
dismember such an artificial group. 

Family 1. Pal^easteridae. Phanerozonia with most or all of the 
ambulacral ossicles alternate ; the madreporite is dorsal. Oral armament 
adambulacral. Abactinal skeleton tessellate. Hays long, disc small. 
This family includes a series of Asteroids occurring in the Lower 
Palaeozoic. In most of them the ambulacral ossicles are alternate, 
but in some cases these plates are opposite, either for a part, or for the 
whole length of the arm. Hence this character does not seem to be of 
the value assigned to it. The marginal ossicles are always conspicuous, 
and, as far as is known, the madreporite is fairly small and dorsal in 
position. The oral skeleton consists of a ring in which the adambulacral 
plates are most conspicuous. There are two sub-families. Sub-Family 1 . 
PALiEASTERiNAE, in which the ambulacral ossicles are alternate. Genera 
— Palceastery Hall; Argnster^ Hall; (?) Monaster, Eth. jnr. ; and (/) 
Pctrasler, Billings pars. The genera are all Palaeozoic, ranging from tlie 
Cambrian to the Devonian. Among existing families the nearest ally is 
the Archasteridae. Sub- Family 2. Xenasterinae, including those 
with most of the ambulacral ossicles in opposite pairs. Genera — Xencuter, 
Simonowitsch ; Tetraster, Eth. jnr. & Nich. 

Family 2. Pal^asterinidae. Phanerozonia with alternate ambu- 
lacral ossicles and small marginal plates. The oral armature is adam- 
bulacral. The madreporite is abactinal. The rays are short and are 
separated by large interradiul areas. Genera — PalcEasterina, M'Coy ; 
Sch4)enaster, Meek & Worthen. 

Family 3. Aspidosomatidae. Phanerozonia with alternate ambula- 
cral ossicles ; large marginal ossicles and large interradial areas ; rays 
massive, petaloid, sub-petaloid, or tapering. On the abactinal surface 
there are large depressed areas between the marginal ossicles and the 
outermost of the longitudinal series of large plates which run along the 
arms. Genera — Asjndosoma, Goldf. (the type-species is A. Arnoldi, but 
as this is imperfectly known, A. 'petaloid4iSy Simonowitsch, may be 
accepted provisionally) ; Palaeonedria, Stiirtz ; Palaeostella, Stiirtz ; Trick- 
asteropsis, Eck ; ArchaateiiaSj Mull., may belong here, but the genus is 
insufficiently known. 

Family 4. Taeniasteridae. Phanerozonia with alternate ambulacral 
ossicles. There are neither disc nor interbrachial areas. The adambu- 
lacral plates are large and act as marginal plates. The axes of the 
marginal plates are parallel and the rays petaloid (as in Stenaster), or the 
axes of the marginal plates are convergent ; these plates bear spines on 
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their free ends, and the rays taper gradually {Taeniaster), Genera — 
Tcuniagter, Billings ; StenasteVj Billings, pars {S. salieri, but not S. pul- 
cheUus) ; both Ordovician of Canada ; SaUeraster and Urasterellaj M*CJoy, 
Silurian, England ; Protasteracaiithioriy Stiirtz, Devonian, Germany. 

Family 5. Archasteridae. Phanerozonia with opposite anibulacral 
plates. There is an anus, but no super-ambulacral plates. Pedicellariae 
are generally present The abactinal plates are spiniform or paxilliform. 
The adambulacral plates are large. This family includes a large number 
of Neozoic starfish, ranging from the Lower Oolites to the present day. 
They have frequently been included with the Astropectinidae, from 
which they differ by the presence of an anus, by the large size of the 
adambulacral ossicles, and by the absence of supra-ambulacral platea 
There are four sub -families, including sixteen genera. Sub- Family 1. 
Parachasterinae, comprising those in which the branchial vesicles or 
papulae are limited to an area at the base of the rays, and in which 
the actinal interradial plates are absent or are very few in number. 
Genera — Cheiraster, Studer ; Pararchastery Sladen ; PectinasteTy Perrier ; 
and PontasteTy Sladen. Sub -Family 2. Plutonasterinae, including 
those with papulae scattered over the whole abactinal surface. There 
are numerous actinal interradial plates. Genera — Grenaster, Per. (non 
Ag.) ; DytasteTy Slad. ; Goniopeden, Per. ; Lonchotaster, Slad. ; Persephon- 
aster, Mason & Alcock ; Plutonaster, Slad.; Tethyaster, Slad. Sub- 
Family 3. Pseudarchastertnae, including those with a definite median 
line of plates along the rays, and with the abactinal plates arranged 
in series parallel to the central line. There are no pedicellariae. 
Genera — Pseudar chaster, Slad. ; Aphroditaster, Slad. Sub-Family 4. Arch- 
asterinae, including those in which there is a definite median line of 
abactinal plates, and the remainder are arranged in oblique rows. 
Pedicellariae present Genera — Acantharchaster, Verrill ; Ar chaster, Verr. ; 
Isaster, Verr. The following genera are included by Sladen in this 
family, but not divided among the sub - families : — BerUhopecten, Verr.; 
Blaki<ister, Per. ; Luidiaster, Stud. 

Family 6. Porcellanasteridae. Phanerozonia with opposite ambu- 
lacral plates ; with thin lamelliform marginal plates, traversed by cribri- 
form organs. There are two sub-families. Sub- Family 1. Porcell- 
ANA8TERINAE, in which the cribriibrm organs are highly developed and 
limited to a few plates, and there are no fimbriated channels in the 
actinal interradial areas. Genera — Caulaster, Per.; Porcellanaster, Wyv. 
Thomson (Fig. VIII.); Styracaster, Hyphalaster, Thoracaster, and Pseud- 
aster, Sladen. Sub-Family 2. Ctenodiscinae, in which the cribriform 
organs are simple and occur on the margins of each pair of margina] 
plates ; continuations from the cribriform organs run through the actinal 
interradial areas as " fimbriated channels." Genus — Cttnodiscus, Miiller & 
Troschel. The most interesting features of this family are the develop- 
ment of the cribriform organs, densely packed groups of small spinelets or 
lamellae on some or all of the marginal plates. Their function is uncer- 
tain, but, according to Sladen, " it is not improbable they act as percolators." 
In some species of Astropecten the marginal ossicles are bordered by 
fringes of small spines, which A. Agassiz has compared to the fascioles of 
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Spatangoids (see p. 319). In Glenoducus the grooves between the marginal 
OMicles are bordered bj bands of lamellae forming the simplest type of 
cribriform oi^ds. In the rest of the Porcellanasteridae these organs are 
confined to a few specin.1 plates. In some species of this family the 
anus opens on the summit of a small tube. It rises from the abactinal 
surface of the starfish, and has been accordingly compared to the etem 
of Crinoids, an homology which is quite inadmiseible. 

Fauilv T. AsTEtOPECTiNiDAE. Phanerazonio with opposite ambula- 
cral platee and paiiltiform abactinnl plates. Super-ambulacral plates are 
present, and the adambulacral plates are compressed. There is no anus, 
and pedicellariae are rarely present. Tlie compressed adambulacral plates 
and the presence of a series of super-ambulacral plates, which occur inside 
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the arms above tbe ambulacrals, are the two most striking features of 
the Aetropectinidae. The position, of the super-ambulacral plates is 
shown ia Fig. VII. There are two sub-families and nine genera. 
StTB-FAUILT 1. ASTROPECTtHINAE, including those members of the family 
in which tbe adambulacral plates touch the infero- marginal plates 
along the ray. The marginal and adambulacral plates do not correspond 
in length or number. Genera — AatropedeJi, Schuke ; BathybiaeUr, 
Danielssen and Koren ; Cratpidaiter, Slad. ; Dipiaaiiter, Alcock ; Blakicatar, 
Per. (syn. LeptoptychoMer^ Smith), (Fig. IX.) ; Mvria^er, Pkoxatter, and 
PnUuAa; Sladen. Sub-Family S. LuimiNAB. Astropectinidae with a 
row of small plates separating the adambulacral and infero- marginal 
plates. Genera — Atirilla, Per. ; Liiirfvo, Forbes ; PlatatUriai, Gray. 

Familt S. Pbntaoonabtkridae. Phanerozonia with opposite ambu- 
lacral platen, targe marginal plat«s, and tessellate abactinal skeleton. 
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The arms are short and the shape of the starfish is geueraUy penta- 
gonal. Sdb-Fauilt 1. Pentagon ABTBRIN AS. Pents^naateridae with 
rounded, polygonal, or psiilHform abactitial platcB. Genera — An^iimde*, 
Per. i A^eroAon, Per. ; AArog^miii'm, Miiller & TroBchel ; Calliatter, Gray ; 
CaUidirma, Gray ; Chitonatler, Siad. ; Comptonia, Gray ; Dorigona, Gray 
{Nymphanter, Slad.) ; Goniodon, Per. ; HopUuUr, Per. ; lamaeter, Slad. ; 
Leptiiiter, Lor. ; Midiaiter, StimpB. ; Metopaster, Slad. ; Mitelepkiuler, Alcock ; 
MUratter, Slad. ; Nectria, Gray ; OdonUuter, Veir. {Gnathatter, Slad.) ; 
Paragonatter, Slad. ; Fentagonatter, Scliulze ; Phaneraiter, Per. ; Fycnatter, 
Slad. ; RoeaOer, Per. ; Stephanaster, Aytet. Scb-Fauilt 2. OovioDIBClNAE. 
PenlagonaBteridae with flat, stellate, sbactinal plates. Oenera—Gonioducut, 
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MiilL & Trosch. ; Leptogoiuuttr, Slad. (included by Perrier in Arcbosteridae) ; 
StttUuter, Gray ; OgmiuUT, v. Martens. Sdb-Family 3. MtHASTBRINAE. 
Pentagonasteridae with small, Kt«llate, poxilliferous aboctinal plates. 
The plates of the actinal intermediate areas imbricate over one another. 
Genus — MimaiUr, Slad. HoplatUr, Per., is included by Sladen in the 
Pentagonasteridae, bnt Perrier places it with Goniodon, OnattuitUr, and 
AtCerodon, in a special sub-family of Archasteridae. 

Fahily 9. Aktrbnsidae, Per. Fhanerozouia with opposite ambu- 
lacral ossicles and massive marginal plates. Abactinal skeleton stellato- 
reticulate ; the actinal intermediate plates bear large vaivate pedicellariae. 
Genera — Anilunea, Gray; Goniasltr, Ag. (em. Per.); Hippatteriae, Gray 
(Kg. IX.). 

Fauily 10, Pentacerotidae. Phanerozonia with opposite ambu- 
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lacral ossicles and irregular marginal plates ; the upper series are often 
covered. The abactinal skeleton is reticulate, and the plates bear large 
tubercles. There are no valvate pedicellariae on the actinal interradial 
areas. Genera — Amphitister^ Verr. ; Asterodiscits, Gray ; Choriasterj Liitken ; 
CiUcita, Ag. (Fig. VI.) ; Nidorellia, Gray ; Paulia, Gray ; Pentaceropsigj 
Slad. ; PerUaceroSf Schulze (Oreaster^ MiilL & Tr.) ; Spkaeraster, Quenst ; 
Sphaerites, Quenst 

Family 11. Gymnasteriidae. Phanerozonia with opposite anibu- 
lacral ossicles and unequally developed marginal plates. Abactinal 
skeleton tessellate, but its plates are irregular and only partially in 
contact. The actinal interradial areas contain large plates. The whole 
test covered with membrane." Genera — Asteropsis, Miill. & Tr. ; Derm- 
asterias, Per. ; Gymiiasteria, Gray ; La^iaster, Slad. ; Marginaster^ Per. ; 
PorajiiUj Gray ; Poraniomorpha, Dan. & Kor. ; llheyasttr, Slad. ; Tylaster, 
Dan. & Kor. 

Family 12. Asterinidae. Phanerozonia with opposite ambulacral 
ossicles, and with small, inconspicuous marginal plates, the axes of which 
are convergent. Intermediate plates imbricate ; those on the abac- 
tinal side lamelliform. Pedicellaria absent. Sub- Family 1. Ganeriinae, 
with large marginal plates. Genera — Cycethra, Bell ; Ganeria^ Gray ; 
LebrunasteTj Per. ; Radiaster, Per. Sub-Family 2. Asterikidae, in which 
the marginal plates do not exceed the remaining plates in size. Dermal 
branchiae arise from any part of the abactinal surface. Genera — Asteriiia^ 
Nardo, which has often been described as a typical Asteroid, and its embry- 
ology carefully studied ; Disaster inay Per.; Nepanthia, Gray ; PatiriOy Gray. 
Sub-Family 3. Palmipedinae, with dermal branchiae confined to the 
radial regions. Genera — Palmipes, Ag. ; Stegmaster, Slad. Tremaster, 
Verr., is also assigned to this family. 

Order 2. Gryptozonia, Sladen. 

Asteroidea with the marginal plates small and inconspicuous or 
absent ; when present the upper and lower rows do not touch. Dermal 
branchiae not limited to the abactinal surface. Ambulacral plates are 
generally crowded and narrow. Either the ambulacral or adambulacral 
plates are the more prominent in the oral skeleton. 

This order is characterised by three main characters: (1) The 
insignificance of the marginal plates, whence the name Gryptozonia ; 
(2) the occurrence of papulae or dermal branchiae beyond the abactinal 
surface, whence the order is described as " adetopneusic " ; and (3) the 
crowding and narrowness of the ambulacral plates, whence the order is 
said to be " leptostroterate." The last character is not developed in some 
P&laeozoic genera that appear to belong to this order. 

Family 1. Palaeocomidae. Gryptozonia with alternate ambulacral 
ossicles and numerous long free actino-lateral spines. There is a wel) 
supported by a reticular calcareous skeleton. The adambulacral plates 
are large, and the spines are borne on the plates adjoining them. 
Genus — Palaeocoma, Salter. Bdellacoma, Salter, is placed by its author 
as a sub-genus of Palaeocoma ; its affinities are doubtful, but are certainly 
not with this family. 
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Fauili 2. Lefidabtebidae. Cryptozonia with alternately arranged 
ambulacnil ossicles. Disc large ; rays comparatively abort, thick, anci 
bluut. No lateral spines. The abiiccinal skeleton consists of closely set, 
irregular, granular plates. Qenos — Lepidailer, Forbes (Fig. X.}. 

Family 3. Tropidabtebidak. Uryptozonia with ambnlacral ossicles 
opposite or sub-alternate. Bays short, broad, and Hat. Ambulacral 
ossicles narrow ; adambulacral ossicles broad and thin. 
Abactinal surface granular. Genera — TropiJatUr, 
Forbes ; (?) C-mipiatUr, Worthen & Miller. The name 
of the type genus was suggested from the apparent 
occurrence of a heel along the abactinal side of the 
rays. This, however, is only due to the ambulacral 
plates being exposed by the loss of part of the 
granular abactinal integument. GompeaaUr has a pia. x. 

narrow ambulacral groove, and is bordered by LrpdaMirrgnisi,votbat. 
imbricating actinal plates ; its general characters "'™'™'' LiiiiBitone. 
resemble Tropidanter, but it is insuUiciently known for its affinities to 
be definitely settled. 

FamiIiY 4. LiHCKiiDAE. Cryptozonia with opposite ambulacral 
ossicles, comparatively well-developed marginal plates. Disc small, with 
long cylindrical rays. Abactinal skuleton tessellate with granular integu- 
mentary deposits. Sl'B-Familv 1. Roemerastebinae, with spines on 
the marginal plates and disconnected granular plates arranged in longi- 
tudinal aeries on the abactinal surface and aides of the arms. Genus — 
Boemeratttr, Stiirlz. Sdb-Fauilt S. Linceiinae, with abactinal pbtes 
devoid of internal supplementary plates. Abactinal and marginal plates 
granulose and not bearing spines. Genera — Ferdina, Gray ; Fromia, Gray ; 
Lfuuter, Peters ; Linekia, Gray ; Narcisiia, Gray ; Nanioa, Gray ; Ophidi- 
tuUr, Ag. ; Pharia, Gray ; Phaiaria, Gray ; (?) ATthraeler, Forbes. Snn- 
Familt 3. Chaetabtbrikae, with internal supplementary plates and 
paxilliform tabulae. Genus — CliaetoiUr, MiilL & Tr. In this genus 
there are remarkable groups of spines home on the ends of disc-like 
pillars, rising from the external plates ; these are known as paxilliform 
tabulae. Sub-Family 4. Metkodirinae, with the mai^nal and abactinal 
plates covered by membrane. Tliere are neither internal supplemeiitaiy 
plates nor pajtilliform tabulae. Genus— Afrfrorfira, Gray. 

Family 5. Sticbastebidag. Cryptozonia with opposite ambulacral 
ossicles and contingent marginal plates. Disc small ; rays long and 
cylindrical. Tlie pliites of the abactinal surface are large, closely packed, 
and regularly arranged. Sub-Family I. STiCHASTKaiNAB. The adambu- 
lacral plates are equal, have a Binij)le armature, and have no ridges. 
Genera — Calycmter, Per. ; Coelatleriai, Verr. ; Neomorphiuter, Slad. ; Stick- 
aiter, Sliill. & Tr. ; TarmiUr, Slad. ; Tenia, Gray. Sna-FAUILt 2. 
ZoBOASTERlNAE. The adaiiibiilacral plates are unequal, and their armature 
is complex ; alternate plates have ridges. Genera— ftwmwiMMfeT, Slad, ; 
Mammailer, Per. ; Pholidmter, Slad. ; Progiuater, Per. ; ZoroatUr, Wyi'. 
Thorns. 

Family 6. Solastebidae. Cryptozonia with opposite ambulacral 
ossicles, and a reticulate, abactinal skeleton bearing paxilliform groups of 
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spines. Marginal plates obscure. No pedicellariae. Qeoera — QromaMtet, 
Miill. & Tr.; CttnatUr, Per.; Lophaster, Verr,; IViipidaaler, Slad; Soltatir, 
Forbes (Fig. XL). 

Family 7. Korethrastebidae, Dun. & Kor. CAnrarifri— " Crypto- 
zonia allied to the Astfrinidae, but diBtinguished by the complete alwenee 
of interbrachiiil spaces, and by the posseaeion of a continuous, calc&reous 
plating, and tbe formation of the paxillae" (Bell, 4, p. 23). Genera— 
Kordhrasttr, Wyv. Thorns. ; PcHholatter, Slad. ; Remaster, Per. 

Family 8. Ptebasteridae. "Cryptozonia in which the dorsal ossicles 
carry a spine crowned by long diverging' spines which support a more 
or leas well-developed membrane ; thi» fornix a marsupial recess for the 




young. No act nal nter «cl ate plates uterbrachial septa, or pedicel- 
lariae " (Bell, 4 p 23) In th fa Ij the n ost remarkable feature is the 
development of a large ara p n n u1 1 tt e young are reared. This 
is fornied by a lai^ ve 1 above tl e aba t nal Burface, from which it is 
raised by nun erous lon^ ) at ilae The do ■sal membrane is perforated by 
many small pores ( ap racula, SarsX aud ) as a large central opening, the 
" oBcular orifice." In sonie genera, e.g, I'teriinter, there are also openings to 
the actinal surface, known as " segmental apertures." There are often 
long spine?, attached to the rays close by the adanibulacral plates ; these 
are known as the acti no-lateral spines, and tbey are cither enclosed in the 
membrane of the actinal surface or in a marginal web. Sub-Family 1. 
CHBiROFtASTERiNAE, with alternate ambulacral ossicles and short actino- 
lateral spines. (The presence of the maraupiuoi is not certain.) Form 
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pentoguital. Genera— PAeiropfnster, Stiirtz ; Loriola»ter, Stiirtz ; (t) BJio- 
palocoma, Salter. Sub-Family 2. I^erabtbhinab, with a well -developed 
aupra-donal membmie, opposite Bmbtilacral plaks, and actino-lateral 
■pines. Form pentagoiml. Qenera — Benthoiler, Slad. ; Catyptaster, Slad. ; 
C'ryptatter, Per. ; FUxader, Per. ; Hymtnatter, Wyv. Thorns. (Fig. XII.) ; 
MarHpaOcT, Slaii. ; Myxasttr, Per. ; Steratter, Mull. & Tr. ; JfefcwiCT-, Per. 
Sub-Fauily 3. PiTSOKABTERiNAE, With stellate form, opposite ambulacnl 
OHsicles, and rudimentary marsupium formed by five triangulair fan-like 
valves ; no segmental apertures or actino-lateral spines. Genus — Mayr- 
atUr, Per. ; Pythoticuter, Slad. 

Family 9. Palabteriscidas. Cryptozonia with the ambulactal 
OBsicles altemnt« for at least part of the arms. The inadreporit« is 




large and ventral in position. Actino-lateral spines ore present. The 
dorsal int^ument is granular. The form is stellate with small inter- 
bnchial nreB& Genera — Pala»teri»cut, Stiirtz ; EckiaattenUa, Stiirtz. 
This family is remarkable for the abnormal position of the madreporite, 
which, nnlike that of recent Asteroids, is ventral in position. This char- 
acter is possibly due to the development of a granular int^ument over 
the whole of the abactiual surface. Large spine-like paiilUe occur, and 
it is quite possible that the granular integument was the roof of a Urge 
manupium. There can be no question as to the position of the madre- 
porite, for the acttnal and abactiual surfaces of the same specimen are 
shown in examples in the British Museum. 

Fauili 10. ECHINASTERIDAE. Cryptozonia with a reticulate abac- 
tiual skeleton of small imbricating plates. Ambulacial ossicles opposite ; 
the pores biserial ; oral annament adambulocral. Interbiachial septa 
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single if present. Sub-Family 1. Acanthabterinae, with large disc and 
numerous rays ; numerous madreporites. Genus — AcaikJUifuier^ Qerv. 
Sub-Family 2. Mithrodunae, with a small disc, usually five rays. One 
madreporite ; no interbrachial septa. Armed with lai^ scaly spines. 
Genus — Mithrodia, Gray. Sub-Family 3. Eghinasterinae, with a small 
disc and five or six rays. Spines small and simple. No pedicellariae. 
Genera — Dtctyaster, Mason & Alcock ; Echinaster, Miill. & Tr. ; HenricitL, 
Gray (syn. Cribrella, Ag.) ; Perknaster^ Slad. ; PUctuster, Slad. Sub-Family 4. 
Valvasterinae, with the marginal plates bearing large valvate pedi- 
cellariae. The disc is moderate in size, and there ai-e five rays. Genus — 
Valvaster, Per, 

Family 11. Heliasteridae. Cryptozonia with opposite ambulacral 
ossicles and double interbrachial septa. The disc is large and bears 
very numerous short rays. Sub-Family 1. Helianthasterinae. The 
abactinal skeleton is granular in the disc and bases of the arms ; at the 
aim tips it is tessellate, but the plates not in contact. Arms separate 
at their bases, so that the two sets of plates which form the interbrachial 
septa are separated by parts of the disc. Infero-marginal plates occur 
round the disc. Madreporite marginal. Genus — HeliarUhast^, F. Roem. 
This includes two Devonian species, of which only one is adequately 
known, and is of somewhat uncertain affinitie& It was originally 
regarded as an Asteroid, but Stiirtz, in his latest description of its 
anatomy, referred it to the Euryalidae. Stiirtz's specimens, now in the 
British Museum, show nothing to separate them from the Asteroidea, of 
which however they are very abnormal representatives. The ambulacral 
plates are thin and L-shaped, but not crowded as in Heliaster, while the 
abactinal skeleton is different. The species appears, however, to be a 
primitive form of the Heliasteridae, in which the arms do not occupy the 
whole margin of the disc, and are separated from one another through- 
out; the ambulacral plates are not crowded, so that the podia are 
biseriaL Sub-Family 2. Heliastbrinae, with reticulate, abactinal 
skeleton and arms in contact with one another at their bases, there being 
no interbrachial spaces. The ambulacral ossicles ai'e crowded and the 
pores quadriserial. Genus — Hdiaster^ Gray. 

Family 12. Pedicellasteridae. Cryptozonia with opposite ambu- 
lacral ossicles, a small disc and narrow sub -cylindrical rays. Podia 
biseriaL The abactinal skeleton consists of narrow plates forming a 
quadrangular network. Genera — Coronaster, Per. ; Gastraster, Per. ; 
LytcuteTy Per. ; Pedicellaster, Sars. 

Family 13. Asteriidae. Cryptozonia with opposite ambulacral 
ossicles. Podia quadriserial. Abactinal skeleton reticular and composed 
of small unequal plates. Genera (including sub-genera of Astervou) — 
AnagterUuy Per. ; Asterias, Linn. ; CalvasteriaSy Per. ; Coscincuterias^ Verr. ; 
CosmagteriaSj Slad. ; Dipldsterias, Per. ; HydrasteriaSy Slad. ; Leptcuterias, 
Verr. ; Podasterias, Per. ; PolyasteriaSy Per. ; Pycnopodiciy Stimps. ; ScUr- 
astericis. Per. ; Smilast^rias, Slad. ; Sporastericts^ Per. ; Uniophara, Gray. 
The anatomy of Asterias is described on pp. 241-245. 

Family 14. Brisinqidae. Cryptozonia with opposite ambulacral 
ossicles ; marginal plates absent or rudimentary. Kays numerous and 
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sharply marked otf from the disc. Abactinal skeleton absent, or present 
only on the ovarial regions at the bases of the arms. No intermediate 
actinal plates or interbrachial septa. Gtenera — Bridnga^ Asbjomsen; (?) 
Bridngaster, Lor. ; Colpaster, Slad. ; Freydla^ Slad. ; (?) Oymnohrisinga, Stud.; 
(?) HymenodiscuSy Per. ; Lahidiastery Liitken ; Medusaster, Stlirtz ; Odiniay 
Per. This remarkable family was originally founded for the genus Bruingay 
which has many primitive characters. The arms are small and sharply 
marked off from the disc. There are no ampullae connected to the podia ; 
the generative organs consist of a series of small isolated glands along the 
arms. The genus was accordingly at first regarded as very primitive in 
structure and affording in some ways a link with the Ophiuroids. Later 
authors, however, such as Ludwig and Sladen, entirely repel this view 
and regard the Brisingidae as allied to the Asteriidae, and extremely 
specialised rather than primitive. Sladen concludes, *'In my opinion 
the Brisingidae are true cryptozonate Asterids, very nearly related to the 
Asteriidae, Pedicellasteridae, Heliasteridae, and Echinasteridae, and prob- 
ably derived from a common ancestor, the divergence of form and the 
peculiarities of structure now exhibited by Brisinga being the result of 
modification produced by the extreme isolation and the exigencies of 
the abyssal depths in which the family has existed " (48, p. 693). But 
in GolpcLster and FreyeUa the genital glands are limited to swellings 
at the base of the arms ; and although the arms are sharply marked 
off from the disc, at least six-sevenths of the arm has no extensions of 
either alimentary canal or generative organs. The arm-ossicles of FreyeUa 
tuberculata are identical in character with those of Ophiurinay and they 
differ from Ophiogeroii only by the absence of adambulacral ossicles. 
Sladen gives no diagnosis of the class Asteroidea, so that it is not 
quite clear on what characters he would base the separation of Asteroids 
and Ophiuroids. But no known diagnosis of the Asteroidea would 
include Colpaster and FreyellUy and exclude forms universally admitted to 
be Ophiuroids. If the more primitive types of Brisingidae are a recent 
degenerate offshoot from the Asteriidae or some allied family, then a type 
of structure, practically indistinguishable from that of the Ophiuroidea, 
has been twice independently evolved. It seems therefore that Perrier is 
probably correct when he regards the Brisingidae as the most primitive 
instead of as the most special of li\nng Asteroids. 

The following fossil Asteroids are not sufficiently known for determina- 
tion : — 

Calliastery Trautschold ; Goelastery Sandb. non Agass. ; CribrellUeSy Tate ; 
Cupulader, Fritsch ; Plumastery Wright; Trichotast&ry Wright. 

Sub-Class 2. Ophiuroidea. 

The Ophiuroidea form a sub-class of the Stelleroidea, including 
the sand-stars, brittle stars, and branching stars. The typical 
members of the class differ from the typical Asteroids by having 
the arms sharply marked off from the disc as appendages, and by 
not having a groove along the ventral side of the arms. These 
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differences are so important, anatomically, that the Ophiuroidea 
and Asteroidea are often regarded as distinct classes. Owing to 
the general external resemblance between the two groups, the first 
naturalists who described them made no attempt to separate them. 
Thus Linck, who in 1733 (23) figured several Ophiuroids, 
included most of them, along with some Asteroids, in his genus 
Stdla, The common British species, Ophiura ciliamy Linn, sp., he 
named Stella lacertosa, and Ophiodei-ma langicauda he described as 
Stella lujnbrkalis longicauda. He, however, recognised that his group 
" Stella " must be broken up into several divisions, for he separ- 
ated Ophiothrix fragilis, O. F. Miiller sp., under the name of BosuUiy 
and the branching forms under the name of Astrophyton, Linnaeus, 
on the other hand, did not grant the Ophiuroids even generic 
distinction, and included them all in the genus Asterias. It 
was not until 1816 that Lamarck (21) definitely founded the 
genera Ophiura and Euryale. De Blainville in 1834, L. Agassiz in 
1836, Dujardin in 1840, and Miiller and Troschel in 1844, added 
greatly to the systematic knowledge of the Ophiuroids, w^hich they 
retained in the order Stellerida. The first proposal to separate 
the group as one of the primary divisions of the Echinoderms was 
made by Forbes in 1840 (11); he founded the order " Spinigrada " 
for the Ophiuroids, while the Asteroids he named the " Cirrigrada." 
Gray, in 1840 and 1848, kept the two groups as separate orders, 
but united them in one class, Hypostoma. Since this date the 
view that the Ophiuroids are a distinct class has been widely 
adopted. 

The sub-class includes over one hundred genera, most of which 
are recent. The earliest fossil forms occur in the Ordovician, and 
representatives are known from all later systems. 

The recent species have been described by many authors, 
especially by Bell, Diiben, Forbes, Grieg, Grube, Heller, de Loriol 
le Fort, Ljungman, Liitken, Lyman, Marenzeller, v. Martens, 
Mortensen, J. Miiller, W. Peters, G. 0. Sars, Sladen, Stimpson, 
Studer, and Verrill. Lyman's report on the Challenger Collection 
is a complete synopsis up to 1882 (31). 

The fossil Ophiuroids are rare, and, as a rule, badly preserved. 
The literature consists mainly of the description of isolated 
specimens, as by £. Billings, Bohm, Forbes, S. A. Miller, Pohlig^ 
C. F. Roemer, H. Woodward, Worthen, and Wright. Stiirtz and 
Roemer have described the remarkable fauna from Bundenbach in 
Germany, and Salter that from the English Silurian. References 
to the American Palaeozoic species are given in Miller's North 
American Geology and PaUorUology. 

The first classifications of the Ophiuroids were artificial ; the 
basis of a natural arrangement was laid by Ljungman in 1867 
(24). Previous to that date the group had been divided into 
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two families — the Ophiuridae, including the forms with simple 
arms, and the Astrophytidae, the members of which have branched 
arms. Eaised to sub-orders and divided into families, these two 
divisions have long survived. In 1892 Bell (3) proposed a classi- 
fication into three orders, to which a fourth has been added to 
include some fossil forms (Gregory, 15). 

The first important contributions to the anatomy of the 
Ophiuroids were an account of the structure of the Euryaleae by 
L. Agassiz, and of the skeleton of various genera by Miiller 
( 1 854). Further researches have been carried out by Cu^not (1 888) 
and Hamann (1889). The two authors, however, to whom we are 
most indebted are Lyman, who, in a long series of papers, has 
described the skeletal structures, and Ludwig, whose masterly 




Fio. XIII. 
Ophinpholi* anileatn^ abactinal surface. 

memoirs gave the first detailed account of the visceral anatomy. 
Genera of exceptional interest have been described by Bell, 
Ludwig, Simroth, and Sladen, to whom we owe memoirs 
respectively, on Ophioteresis, Trichaster, Ophiaciis^ and Astrophiura, 
The development was first studied by Miiller and Krohn (1851) ; 
Ludwig in several memoirs, and Apostolides (1882), Russo (1891), 
Cu^not (1892), and Bury, have studied additional forms with modern 
methods; while MacBride, in 1896, has shaken, if not destroyed, 
faith in the theory of the homology of the "calycinal" plates 
(p. 14) as taught by Lov^n, Carpenter, and Sladen. 

The body of an Ophiuroid, like that of an Asteroid, consists of 
a central disc, from which radiate several (generally five) arms (Fig. 
XIII.). The disc, however, is not formed, as it is in Asteroids, by 
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the union of the bases of the arms, but is sharply marked off 
from them, and they are attached to it as appendages; there 
is not, moreover, in the Ophiuroids the ventral groove of the star- 
fish. These characters, however, are not absolutely to be relied 
on ; thus in some species of Astroschema there is no sharp separa- 
tion between the arms and the disc ; while in Ophioteresis (Fig. 
XrV.) the radial ambulacral vessels and nerve-trunks lie in shallow 
grooves on the ventral surface of the arms. 

An idea of the Structure of a typical Ophiuroid may probably 
be best obtained by the careful examination of a representative 
species, for which purpose the commonest English brittle star 
{Ophiura ciliaris, Linn, sp.) is a convenient type. 

This Ophiuroid consists of a round, flat, scale-covered disc, from 
which radiate five long, tapering arms. The Arms are composed 
of a series of jointed segments, each containing six plates. Two 
of these are fused together into a single " vertebral ossicle," and 




Fu.. XIV. 

Uphioteresia (after Bell). Aboral surface of un ami osnic e ; (/, the double dorsal ami*plates ; 
a, articular cavities ; I, lateral anii-plates. 

a series of these forms the axis of the arm. The remaining four 
plates form an external tube round the vertebral ossicle. One 
pair occurs at the sides, and is known as the lateral arm-plates or 
shields. Another of the four plates lies above the vertebral 
ossicle, and is accordingly known as the dorsal arm-plate (or 
dorsal shield) ; the fourth lies on the lower surface of the arm, 
and is accordingly known as the ventral arm -plate (or ventral 
shield). Each lateral arm-plate bears seven short spines. 

The plates forming the central chain of the arm are known 
as " vertebral ossicles," because, in typical Ophiuroids such as 
Ophiura ciliaris, they articulate by a series of knobs and sockets 
like the bones of a vertebral column. In a typical vertebral 
ossicle the two articular surfaces are very different ; in the proximal 
or adoral surface (that nearer to the disc) the most conspicuous 
features are the prominent central umbo (Fig. XV. u) and two broad 
"lower muscle fields" (Fig. XV. Lm) at the two lower angles. 
Above the umbo there is a narrow " upper canal furrow " («./), while 
a corresponding " lower canal furrow " (/./) occurs between the two 
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muscle fields. Above the lower furrow there is a depression to 
receive a prominence on the distal face of the adjoining ossicle, and 
on each side of the depression there is a small knob, which similarly 
fits into depressions on the adjacent ossicle. On the distal or 
aboral surface there is a deep " umbonal socket " (t^.s), and also 
the prominence and two hollows already referred to; the two 



u,s. 





Fig. XV. 

V«'i-ttibral 088icle of Ophiura dliaris (after Miiller). 1, abonil hiirface ; 2, adoral surface. 
y, umbo ; Lvit lower inuKcle field ; u.f, upper, and //, lower oaiial furrows ; «.«, umbonal 
socket ; c, canal for the potlion (shown by removal of part of nniscle Held on right side). 

lower angles are occupied by broad expanded surfaces, under 
which pass the tubes of the podia (the surface on one side in figure 
is broken away to show the canal for the podion, c). 

Passing from the arms to the Disc, the skeleton is seen to 
consist of two sets of plates, one belonging to the external integu- 
ment, and the other to the oral system. 

The Oral Skeleton is complex. It may be most readily con- 
ceived as resulting from the fusion of the elements of two segments 
in each of the arms. The entire oral 
skeleton surrounds the mouth, and con- 
sists of as many segments as there are 
arms. Each segment is roughly triangu- 
lar in shape, the apex pointing inwards, 
and being separated by the deep " buccal 
fissures.'' The principal element in each 
segment is a pair of " syngnaths " (Fig. 
XVI.), also known as oral angle-plates, 

jaws, mouth-plates, SCUtella Oralia. etc. : Syngnaths of Ojihium aUnrU 
', xi_ • ^ 1 r xi- (after Miiller). j, jaw ; 711^, mouth 

the name syngnatn is suggested lor tnem, fhime ; n.g, groove for circum. 

as they consist of two parts generally Tnd'Se'^'.rf^roml'U/ti^'ir" 
completely fused together. The larger 

piece of the syngnath is the mouth frame (wi./), which unites with 
the corresponding plate of the next segment across the buccal 




Fin. XVI. 
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fissure. The smaller piece is the jaw, which unites with the jaw 
of the next arm to form the angle of the oral segment. Each jaw 
has a depression, in which rest the oral tube-feet, and is notched by 
a groove for the circumoral nerve ring. 

The union of two adjoining jaws is strengthened by a small 
plate at the apex, known as the " jaw plate " or Iotma angularis. 
This plate supports the teeth, of which, in Ophiura ciliaris, there are 
five in each segment. A series of similar processes occur along 
the side of the jaw, projecting into the buccal fissure ; these are 
the oral papillae (mouth papillae or buccal papillae), of which, in 
Ophiura cUiaris, there are ten or more in each series. 

The angle between the two jaws of one segment is occupied by 
a shield-shaped plate, known as the " buccal shield " (oral plate, 
mouth-shield, or scutum buccale). These plates are interradial in 
position ; the smaller plates corresponding to them, but radial in 
position, are the first ventral arm-plates. • Between the mouth- 
frames and the buccal shields are five pairs of long, bar-shaped 
" peristomial plates," which cross the interradial spaces from arm 
to arm ; they cannot be seen from without, as they are covered 
by the shields, and by two plates beside the latter, known as the 
lateral buccal shields (or scuta adoralia). 

The oral skeleton of the Ophiuroid is therefore very different 
from that of the Asteroid. But both are formed by the modification 
of similar parts, viz. the ambulacral and adambulacral ossicles of 
the arm segments. In the Ophiuroid the supposed homologies of 
the principal parts are as follows : — 

Vertebral (=ainbulacral lateral arm-plates 

ossicles). ( = a<lambulacral ossicles). 

Ist arm segment peristomial plates jaws 

2nd „ mouth-frames lateral buccal shields. 

The remaining elements in the skeleton of Ophiura belong to 
the exoskeleton. On the upper or aboral side of the disc there are 
five pairs of large and somewhat pyriform plates known as " radial 
shields " (Fig. XXIII. r.s). Between them are a few smaller plates, 
and the rest of the disc of 0. cUiaris is covered with small, 
irregular, imbricating scales. 

On the lower surface of the disc there are two pairs of long, 
thin plates beside the bases of the arms. A narrow cleft, the 
"bursal slit" (known also as the bursal aperture, genital slit, 
genital cleft, and ovarian aperture), separates these plates. This 
slit leads into the bursal cavity, into which the generative products 
are discharged from the gonads. Of the two bar -like plates 
bounding the bursal slit, the larger is the " genital plate," and the 
smaller is the "genital scale." 

The Alimentary Canal of the Ophiuroids is simpler than in 
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either Asteroids or Echinoids. The mouth is situated in the centre 
of the lower surface of the diec, and from it the buccal fissures 
radiate. The mouth opens to a short oesophague, above which 
is a large digestive sac, occupying nearly the whole cavity of the 
disc Neither anus nor diverticula along the arms are present. 

The Water-vascular System consists essentially of a circum- 
oesophageal ring which gives rise to five radial vessels bearing tube- 
feet, and five vesicles, one of which communicates with the exterior. 
In Opkiura eUiaris the circumoesophageal ring lies over the syn- 
gn&ths, through which pass branches (Fig. XVII. o.v) leading to 
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the mouth-tentacles (o.i) ; radial vessels run along the under sides 
of the arms. In each of four of the interradial (or interbrachial) 
spaces there is a "polian vesicle" (^.v); in the fifth interradiua there 
is a short expanded stone-canal (Fig. XVIII. s.c) which opens to the 
exterior by a single madreporite on a buccal shield. The radial 
vessels lie in the lower canal furrows of the vertebral ossicles (Fig. 
XV. If); branches from the radial vessel pass through the vertebral 
ossicles ; they emerge at the lower angle of the ossicle, and the 
podia pass to the exterior through a space between the shields. 
There are no ampullae, but the Row of water is regulated by 
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valves. There are no suckers, so the jKKlia are useless in loco- 
motion. 

The Nervous System of Opkiura eiiiaris consiste of a circam- 
oeeopbageal ring, from which radiate five radial nerve trunks (Fig. 
XVII. r.te.n and r.n) ; it also gives 
off small branches to the oral ten- 
tacles, teeth, and oral muscles. The 
radial nerve trunks consist of two 
separate nerve bands, one above the 
other, both lying in the " epineural 
canal " (Fig. XXI. e.r.n and i.r.n). 
The two nerve bands are not con- 
nected, though situated very close 
to one another. Both radial nerve 
trunks thicken into ganglion-like 
swellings, of which there is one in 
each arm segment. From the ganglia 
of the upper or internal nerve band, 
branches are given off to the muscles 
between the vertebral ossicles. 
From each ganglion of the lower 
■ or external nerve trunk, two pairs 
', of nerves are given off; one pair 
)""it<in«1»i»i. ''' '"'"" """' '""''' supplies the tentacles, and the Other 
the integument and spines. 
The last element in the Ophiuroid nerve system consists of a 
"genital nerve ring," which lies along the "aboral circular sinus." 
Bespiration in the Ojthiuroids is effected only by the walls of 
the bursae, and by the podia. 

The Reproductive Organs consist of a series of small pear- 
shaped gonads (Fig. XIX. (/) which do not open directly to the 
exterior, but into the bursae, where, in some cases, the development 
takes place. In Ophiiirn there are more than forty gonads to each 
bursa. 

The Coelomic Sinus. There appears to be no true blood- 
vascular system In the Ophiuroids ; the vessels which have been 
described as such are connected with the axial sinus, and are there- 
fore coelomic spaces and not vessels (MacBride, 32, and Busso). 
The axial sinus (Fig. XX. t.s) is the most important ; it is the space 
through which nins the stone-canal, and it contains a gland in con- 
tact with the stone-canal, which is known as the " ovoid gland " or 
"axial organ " {x.o), (see p. 23). From the upper end of the axial 
canal runs the "aboral circular sinus." The course of this sinus 
ia very sinuous : above the arms it is aboral in position, but 
beside the arms it bends downwards until, in the interradii, it 
is quite ventral in position. The main sinus passes on the inter- 
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radial side of the buraae, and sends off a branch aloDg the radial 
side of each bursa. The parte of the sinus beside the bursae bear 
the gonads. 




Iiurue (b) ot OjAloalHiAa tiUMn. (AFlcr Ludwlg.) 



Arm Structure. As we have seen, there are no prolonga- 
tions of the digestive or reproductive organs in the arms, 
while branches of the nervous and water -vascular systems run 
along the ventral side between . 




the vertebral ossicles and the 
ventral arm-shields. It follows 
therefore that the vertebral 
ossicles are directly aupra- 
ambulacral, and are homologous 
with the ambulacra! ossicles, 
and not with the supra-ambu- 
lacra) ossicles of such Asteroids 
as AstTOpeelen. A transverse 
section across an Ophiuroid arm 
is shown in Fig. XXI. (cf. p. 1 5). „i^„„„u„ Ju^,, t,;«,»Kb ™i »«ion „f 

Ophlimid (ifUr MacUrlde). onp, unnitlU ; li. 
~ , n ,, bnnui i.vi, Inti^midliil niuaclf ot th« diK ; ii... 

J<Yom such a type as Uphtura khUUI mnu* ; g.T, gtniM itnuUi ; «, moutli : 

cUiaru, with ite emooth, flat, T.^"tirfX^it^i'^^T^t::^l 
circular disc, its irregular, scaly ^i^^'|; {^I'ltaiST'™"™'"''^"''' ''"' 
plates, its comparatively short, 

straight, unbranched, and regularly tapering arms, there are many 
striking dariatlOBS, both in aspect and structure. 

The Exoskeleton may be either more or less complete than in 
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Ophiara. The moat important addition to the plates found in that 
genus is formed by the plates of the eo-called "apical system." 
In some species, such as Ophiomusivm mlidum, there is a central plate 




DiAgnininatiP lujcCloii through ilriii of , 
IhC^L ftrm-plalfi ; ptl, poaLon ; jui^Ji, porlial nervQ 



surrounded by three circlets, each of five plates ; these were once 
regarded as homologous with piatea in Asteroids and Crinoids, and 
therefore named the infra-basals, basals, and radials. la some 
Bpecies.such as Ophiomiiia exigiia, the two circlets of radially situated 
plates are absent, and only the 
central and basal plates are 
present. In Ophioarene and 
Opkiura convexa, Lym. sp., there 
are only the central plate and 
the I'adials ; in Ophiura mitmla, 
Lym. ap., tbere are the central, 
radial, and basal plates. The 
last possible combination occurs 
in a species of PedinuTo, (Fig. 
XXII.), in which the two circles 
of plates round the central have 
been described as the radials 
and infra-baeals. In some other 
forms, such as Opkuxxramis oh- 
sCrida, Lym. (Fig. XXIII.), there 
cio. XXII. '* * remarkable uniformity in the 

Dorttli,toM»offtc«nun,,-p. {After Bell.) P^^^' O" t^e dorsal aspect, bllt 

these are not arranged on the 
calicular plan. In some other cases, such as Ophiura inomala, Lam. 
ap. (Fig. XXIV.), there are two "infra-basal" plates aide by side 
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below each radial. The genus in which these supposed calycinal 
plates most resemble a Crinoid cup is the genus Ophiopyrg%is 




Via. XXIil. 

Abactiiiul platetf ol (Jjthiocrnnaiji o/M«//-(V7a, Lyiii. (after Lyiiiaii). c, central plate; |^«, radial 
shields ; d.a.p and /.u.p, dorsiil nnd lateral ami -plates. 

(Fig. XXV.), in which the dorsal side is raised into a conical 
projection. 

The irregularity of these " calycinal plates " both in develop- 




Fuj. XXIV. 
Abactinal platea of dine of Oithinru inornata (Laid.), c, central, r.», radial shields. 

ment and arrangement discredits their supposed homology with 
the three circlets of plates in the calyx of a Crinoid. It is only 
natural that among the many variations in the grouping of the 
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dorsal plates of Ophiuroids, that one or more pentamerous rings 
should be more conspicuous than the rest. 

In the previous cases the dorsal plates of the disc are more pro- 
minent than in Ophiura, In some other Ophiuroids, however, these 

plates are less important. 
Thus the radial shields may 
be buried beneath the in- 
tegument, or may be absent 
altogether, as in Neoplax; 
the remaining plates may 
also be reduced to scales 
or small granules embedded 
in a soft integument, as in 
the Gorgonocephalidae. 

Variations in the Arm 
structure offer important 
indications as to the affinity 
between Ophiuroids and As- 
teroids. The differences be- 
tween such types as Ophiura 
and Asterias are very great ; 
but many intermediate 
stages occui* between these 
extremes ; and in the case of some extinct genera it is doubtful 
to which sub-class they belong. 

The vertebral ossicles of some existing deep-sea Ophiuroids, such 
as Ophiogeran (Fig. XX VI.) or Ophiohelus (Fig. XXVIL), consist of 
two separate bars similar to the ambulacral ossicles of Asteroids. The 
same arrangement holds in some fossil species, such as Lapwoi-thura 
Milioni, A further approximation to the arm struc- 
ture of Asteroids occurs in some genera from which 
the ventral arm-plates are absent. The radial water- 
vascular vessels then lie along open grooves, as in the 
Asteroids. This condition is found among recent 
Ophiuroids in the genus Ophioteresis, and among fossil 
members of the class in the extinct Lysophiurae. 

In such cases it is generally easy to recognise that 
the lateral arm-plates are homologous with the adam 




Fio. XXV. 

Ophiopyrffus, seen from the aide (after Lyinan). 
c, central, b, basal, r, radial plates. 




Fio. XXVl. 



Ann-plat6« of 
Oj^iogeron ntpi- 



bulacral plates of Asteroids, a point also well shown by ^^ ^iml^Jj^ 
the living Ophioteresis (Fig. XIV.) p'late; /.a.©, ut- 

The lateral arm-plates, though often smaller than ^^pine"^ * * 
the ventral or dorsal arm-plates, are morphologically 
the most important. They are always present, except when the 
arm is covered by a soft or granular integument, as in the 
Cladophiurae and some genera of Streptophiurae. 

The dorsal arm-plates vary more than either of the other sets. 
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They are double in Ophiokresis and Ophiomifxa peiUagona, are split up 
into several pieces in Astrotehema (Fig. XXVIII.), and into a mosaic 
of small plates in Hemiev/ryale ; or they are absent altogether from 
many genera, such as Neoplax, Ophhbi/rsa, ProtasUr, Laptoorlkura. 
,La.p. 




Another character by which the recent Asteroids and Ophiuroids 
differ is the alternation of the ambul&cral ossicles in the former, 
whereas in the latter the pairs are opposite. The Palaeozoic 
genera, however, also bridge this gap, as 
in the order Lysophiurae the ambulacral 
ossicles are alternate as in the Asteroids. 
This is shown in the arm structure of 

While Prolasler and its allies on the 
one hand approximate to the Asteroids, 
another groupof Ophiuroids has arms which 
appear more like those of Crinoida. In ^^^ xxviii. 

Ophiura the arms are fairly straight and TiwerteiMiKin-piitMofB 
only capable of a limited movement in a J^J^I ''',.'t"'^J^" '■^^. 
horizontal plane, for the vertebral ossicles |lt»te^:l■.o.;^'l^M«l»^^-putM: 
are " zygospondyline," i.e. are attached to preunt the'd™\nii-pi.t«^ 
one another by a series of knobs, closely 

fitting into sockets {e.g. Fig. XV.) In the group of the Strepto- 
phiurae much more play of the arms is possible, as the ossicles are 
" streptospondyline," i.e. articulate by simple ball-and-socket joints. 
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without lateral pita and processes (Fig. XIV.) ; while in tbe Clado- 
phiurae the oBelcles articulate by hour-glass shaped surfaces (Fig. 
XXIX.), and the four external shields are replaced by a soft, 
granular integument ; in this group the arms are therefore capable 
of movement in any direction, the arms frequently being able to 
coil round any support, as in Astroscliema. A further change is 

^ 41 



introduced by the bninchiiig of the arms ; this occurs in two 
groups of the Cladophiui-ae, viz. in the Trichasteridae, in which 
the arms branch a few times at their free ends, and in the Gorgono- 
ceithalidae, in which the arms branch repeatedly (Fig. XXXIL). 

The Oral Skeleton of moat Ophiuroids is on the same plan as 
that of Ophiimi ; the details however differ considerably. The 
nature of the parts is shown very clearly in some Palaeozoic 
genera, such as Stiirtmra. The apparatus here consists of a 
syngnath, apparently composed of the plates of only a single arm 
segment ; one of the plates of the central 
vertebial pair is elongated to a bar, and forms 
the mouth-frame, which is therefore clearly 
ambulacral. The jaw plate attached to this 
mouth-frame is the adambulacral plate of the 
same segment, while the teeth upon this are 
homologous with spines. 

In many recent Ophiuroids there is an 
element in tbe armature in addition to thoM 
of Ophiura ; this is tbe set of " dental papillae " 
which are situated at the oral ends of the jaws 
and project toward tbe mouth above the 
teeth. 

In Ophiura and its allies there are no 
pediceiiuru ot Tri- PedicelUriae, but a very primitive type of 
fWtrrf.iK..u.,^i|j^a>k^ them occurs in the Cladopbiurae, as in Tri- 
i'Jd '"n^wi 'lonKi™. chaster (Fig. XXX.). 

wig.) Turning to the internal anatomy we find the 

most important changes in connection with the Water -vascular 
System. In many genera of the Cladopbiurae there is more than one 
madeproriie, of which there may be one in each interradius. In 
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Trichaster the stone-canals are thus repeated, but there is only one 
madreporite. A repetition of the stone -canals also occurs in 
Ophiadis, in which the value of this character is apparent, for the 
animal reproduces by fission ; in the same genus there are also 
several Polian vesicles in each interbrachial space. In development 
the water-pore of recent Ophiuroids originally opens on the dorsal 
surface (Bury, 6, pp.422, 423, pi. xxxvii.f. 2), and then works round 
to the ventral side, where it becomes attached to an oral plate. 

TheAlimentary System remains very simple in all the Ophiuroids, 
consisting simply of a large chamber, divided into a series of short, 
blunt, sac-like protuberances by radial constrictions of the walls. 

Eespiration in the Ophiuroids is generally effected by the 
genital bursae and the podia ; but when the bursae are absent, 
their place may be taken by an extra series of Polian vesicles, as 
in Ophiadis ; or the general body-cavity may be used both for the 
protection of the ova and for respiration, as in Gorgonocephalus. 

Reproduction. — The genital bursae in some Ophiuroids also act 
as brood chambers; the eggs pass through all stages of development 
in them, and such Ophiuroids are therefore viviparous ; Amphiura 
squamata and Ophiomyxa vivipara are examples of this condition. 
Asexual reproduction occasionally occurs in Ophiuroids either 
normally by fission, as in Ophiadis, or abnormally by regeneration 
of lost parts when the disc of an Ophiuroid is cut into halves. 
Broken arms are readily replaced, but a broken arm cannot 
reproduce a complete animal as can be done in the Asteroids 
{Semon and Ludwig). 

The Development of the Ophiuroids agrees in the early stages 
with that of the Asteroids, but the larval form is a Pluteus (p. 6) 
and not a Bipinnaria (p. 5). It, therefore, in this stage offers a 
greater resemblance to the larvae of the Echinoids than of the 
Asteroids. There is no doubt, however, that this larval form is 
a secondary development and does not represent any stage in 
phylogeny of the group; it therefore does not indicate any 
affinity with the Echinoids. 

Distribution. — The Ophiuroids range from shallow and estuarine 
waters to abyssal depths. Their distribution in space is wide, 
species such as Ophioden sericeum occurring at 80° N. latitude ; but 
the largest forms are tropical. The order was first represented by 
species of Protaster from Ordovician rocks. Representatives of the 
Lysophiurae and Streptophiurae occur in the Silurian, Devonian, 
and Carboniferous strata ; Zygophiurae begin in the Trias ; and 
Cladophiurae in the Jurassic. 

On the characters discussed in the preceding x>ages may be based the 
following Diagnosis of the Sub-Olass : ^ — The Ophiuroidea are '^ eleuther- 
ozoic," " actinogonidial," and " lysactinic," Echinoderms which usually 

^ Emended from Bell (4), p. 215. The terms are explained antettf p. 237. 

18 
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have no ambulacral groove. The arms are generally sharply marked off 
from the disc, are generally five in number, and are sometimes elaborately 
branched. The digestive system, which is aproctous, and the generative 
system are both confined to the disc ; so also is the special respiratory 
apparatus which takes the form of deep clefts. 

This diagnosis at once indicates that the Ophiuroids are more nearly 
allied to the Asteroids than to other Echinoderms, for both classes are 
actinogonidial, eleutherozoic, and lysactinic. Moreover, neither of the 
main characters which separate the two classes hold in all cases ; for in 
Ophioteresis and Protdster there is a ventral groove, and in some species of 
Astroschema the arms pass gradually into the disc. Similarly the 
Asteroids of the family Astropectinidae have no anus ; and the Ophiuroids, 
Gorgonocephalus and Ophiactis, have no genital bursae. 

Order 1. Lysophiurae, Gregory (1897). 

Ophiuroidea in which the ambulacral ossicles are alternate, and are 
not united into vertebral ossicles, but those of each segment are separate. 
There are no ventral arm- plates, and the ventral side of the arm is 
occupied by an ambulacral furrow. 

This order includes a group of fossil Ophiuroids, in which the arm 
structure is asteroid in plan, for there are no ventral arm-plates ; there is 
an ambulacral groove ; and the ambulacral plates are in alternate pairs. 
The members of the order differ from the Asteroids by having the arms 
sharply marked off from the disc, and the alimentary canal was doubtless 
confined entirely to the disc. 

Family 1. Protasteridae. Lysophiui-ae with boot-shaped ambulacral 
ossicles, each composed of a " body " in the median line of the arm, and a 
lateral "wing" at right angles to it Genera — Proicisier^ Forbes, and 
Bundenbachictj Stiirtz. There is a well-marked scale -covered disc and 
five flexible arms. The axial portion or " body " of each ambulacral 
ossicle is marked off into two parts by a depression which probably served 
for the attachment of powerful ventral muscles. Stout adambulacral 
plates occur in all the members of the family, and support lateral spines. 

Family 2. Palaeophiuridae. Lysophiurae in which the ambulacral 
ossicles consist of a bar -shaped or subquadrate "body" without wings. 
Genera — Sturtzura, Greg. ; Eugaster, Hall ; Ptilonasterj Hall ; TaeniurQy 
Greg. ; all Silurian ; and the Devonian Palaeophiura^ Stiirtz. This family 
is characterised by its alternate rod-shaped ambulacral ossicles, shown in 
Palaeophiiira lymani, Stiirtz. 

Order 2. Streptophiurae, Bell (1892). 

Ophiuroidea in which the ambulacral ossicles are opposite, and generally 
united to form vertebral ossicles. In such cases the vertebral ossicles 
articulate with one another by means of a more or less simple ball-and- 
socket joint. The covering plates are more or less regularly developed as 
superior, inferior, and two lateral, the last of which bear spines. 
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The diagnosis of this order is necessarily vague, as it includes 
a series of simple forms, among which there are great divergences in 
structure. One living genus included in this order has no ventral 
arm-plates, but a small ambulacral furrow, and thus agrees with the 
Palaeozoic genera, for which Stiirtz in 1885 proposed the family Ophio- 
encrinasteriae. The main character of the order is the simple articulation 
of the arm ossicles. The ambulacral plates are always opposite instead of 
being alternate, as in the Lysophiurae. In some of the most primitive 
genera the two ambulacral ossicles in an arm segment are separate, as in 
Ophiurina, or incompletely joined, as in Ophiohelus. In the Lapworth- 
uridae they are firmly united, and in the recent genera Ophiamyces and 
its allies they are specialised into definite ambulacral ossicles, with a 
simple ball-and-socket articulation. 

Family 1. Ophiurinidae. Streptophiurae without ventral arm-plates 
and with separate ambulacral ossicles. Genera — Ophiurina, Stiirtz, 
Devonian. TremcUaster, Worthen & Miller. 

Family 2. Lapworthuridae. Strepto- 
phiurae without ventral arm-plates or buccal 
shields. Ambulacral ossicles fused, but their 
articulating surfaces are plain. Genera — Lap- 
icarthura, Greg., Silurian, W. of England ; Fur- 
caster^ Stiirtz ; Palastropecten, Stiirtz. The oral 
armament is typically Ophiuroid. The struc- 
ture in the genus Furcaster is shown in Fig. 
XXXI. ; mouth-frames, small jaws, jaw plate, 
and teeth are all present. 

Family 3. Eoluididae. Streptophiurae 
with ambulacral ossicles united to form verte- 
bral ossicles. Ventral arm -plates present, 
but there are neither buccal shields nor 
dorsal arm -plates. Genera — Eoluididj Stiirtz ; 
Eospondylus^ Greg. ; MiospondyltLs, Greg. ; 
Agatidster, Miller & Gurley (syn, Ophiopege, 
Bohm) ; Cholaster, Worthen & Miller. 

Family 4. Onychasteridae. Strepto- 
phiurae with well-developed vertebral ossicles, 
and very flexible, unbranched arms. There 
are no external arm -plates, the integument only containing granules. 
Genus — Onychaster, Carboniferous, Illinois, has previously been included 
among the Euryalid group, but its ambulacral ossicles (as shown by Meek 
and • Woilhen's later figures, Geol. Surv. Illinois, vol. v., 1873, pL xvi. 
fig. 3d) are Streptospondyline. 

Family 5. Eucladiidae. Streptophiurae with contorted branching 
arms. Five pairs of large plates round the centre of the side exposed in 
the fossil have been regarded either as jaws or as radial shields. Madre- 
porite on same side as the plates. Arms have no external arm-plates but 
a granular integument. The type-species, Eucladia Johnsoni, was care- 
fully figured and described by H. Woodward in 1869. Owing to its 
flexible, branched arms, and soft integument, it has generally been 




Fio. XXXI. 

Furcaster palaeozoicuf, Stiirtz, 
showing skeletal elements of the 
arms and oral armament, ad, 
adambulacral ossicles bearing 
spines ; am, ambulacral ossicles ; 
J. jaw ; j.p, jaw plate ; mj, mouth- 
frame ; t, teeth. (After Stiirtz.) 



276 THE STELLEROIDEA 

regarded as an ally of Euryale^ but some authors have urgeil its removal 
to the Asteroidea, ascribing a dorsal position to the madreporite. It is 
no doubt in external api>earance more like the Cladopliiurae than the 
Streptophiurae, but the external resemblance to Etiryale is probably due 
to homoplastic modifications. 

Family 6. The living Streptophiurae. No attempt has yet been 
made to arrange the living Streptophiurae into families, and this cannot be 
done with advantage without further knowledge about several points. Some 
of the most remarkable genera are known only by single specimena, 
which are very small and probably immature. Ophiohelus and OpAtoCMta 
present a certain resemblance to the Lysophiurae in the structure of the 
ambulacral ossicles. Ophuxjeroriy with its long, rod-shaped, ambnlacial 
ossicles lying in opposite pairs, is much like Ophiurina, but the evidence 
available at present is insufficient to justify its inclusion in the Ophinri* 
nidae. Hence it is advisable at present to leave the living Streptophiiine 
arranged according to Bell's scheme (3). When the classificatioii is 
attempted, probably Ophioteresis will form one family, and Ojkimtisu/mA 
another ; Hemieuryale^ Sigsheia, Ophiochondnis, and Ophiomyces may con- 
stitute a third. 

A. No under arm-plates — Ophiotere^is^ Bell. 

B. Under arm-plates imperfect — Ophioscitismay Lym. 

C. Under arm-plates moderate or well developed. 

a. No upper arm-plates — I. No radial shield — Keoplax; OphiohBlmif 
Lym.; Ophiotholia^ Lym. (?). IT. Radial shields present— 
Ophioscolex, Miill. & Trosch. ; Ophiamhix^ Lym. ; Ophw^tnm^ 
Lym. ; Ophwhyrsa, Lym. ; Ophiomyxa (pars), Miill. & Trosch. 

^. Upper arm-plates minute or formed of scattered plates— Cjpfttb- 
myxa (pars), Miill. & Trosch. ; Ophiomyces, Lym. ; Ophiochondnu^ 
Lym. ; HemieKryale, Martens ; Sigsheia^ Lym. 



Order 3. Cladophiurae, Bell (1892). 

Ophiuroidea in which the vertebral ossicles articulate with one another 
by means of hour-glass-shaped surfaces (Fig. XXXIIL), and are covered 
by granular deposits in the thick integument The arms may be simple 
or branched repeatedly. 

Family 1. Astronycidae. Cladophiurae with simple unbranched 
arms. Group 1. With large disc — Astrotoma^ Lym.; Astromyx, "hlvXi. 
& Trosch. ; AstrocheUy Verr. Group 2. Disc of medium size — Astrogomphus, 
Lym. ; AstroporpUy Oersted & Liitken. Group 3. Disc small — Ophiocreas, 
Lym. ; Astroschema, Oerst. & Liitk. ; Astroceras, Lym. Family 2. 
Trichasteridae. Cladophiurae with arms branching a few times near 
their free enda Genera, recent — Trichaster, L. Ag. ; Astrocloii^ Lym. ; 
Astroaiida, Lym. Fossil — Astrocnida^ Lym. Family 3. Gorqonocepha- 
LiDAE. Cladophiurae with arms branching much and from their base. 
Euryale, Lam. ; GorgonocephalnSj Lym. ; Aslrophytmi, Ag. (Fig. XXXIL) 
Ophiocrene, Bell. 
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Orrer 4. ZycophiuTM, Bell (1862). 

Ophiuroidea in which the movement of the osBiclea on one another is 
niit«l by the development of lateral procegsea and pita. Snperior, 




Fio. XXXII. 

^ilrojiftyfait {.fneU. AlMctinal surbcr. (Prom Wyv. Thonuan.] 

inferior, and lateral gpiue-bearing arm-platea are alwaj'B present. The 
anns are simple and cannot coil round straight roda. 

F&uiLT 1. OpHiODERifATiDAE. Zygopblurae with oral papillae 
numerous, and none infra-dental. Arm incisures on the disc. EXental 
papillae alisent. Genera — OpAiorferma, Miill. & Trosch. ; Ophitrpeta, Peters ; 
Ophiarafhifi, Miill. i Troecli.; Ophiocoela, Liitk.; Ojihioeonii, Liitk.; Ophvy- 
plax, Lypi. ; Oj^iiiyoua, Stud. ; (?) Ophiopijryiu, Lym. ; Opfctopyren, Ljta. 
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Family 2. Ophiolepididae. Zygopbiurae with oral papillae from 
three to six, of which the last may be infra-dental. Arm incisures on the 
disc. Dental papillae absent. Genera — Ophiolepis^ MiilL & Troech. ; 
Ophiocterij Liitk. ; Ophiuraf L. Ag. ; Ophioglypluiy Lym. ; Ophioceramu^ 
Lym. ; (?) Ophiochiton, Lym. ; Ophiopaepale^ Lym. ; Ophiozona, Lym. ; 
Ophioplinthus, Dan. ; Ophiemus, Lym. ; Amphiglypha, PohL ; Geocoma^ 
d'Orb. 

Familt 3. Amphiuridae. Zygopbiurae with oral papillae from one 
to five, of which the last is generally infra-dental. Arms inserted on 
ventral side of disc. Dental papillae absent Genera — Amphiuray Forbes; 
Ophiocnida, Lym. ; Ophiomudum, Lym. ; OphiopeltiSy Daniels. & Kor. ; 
OphiocentruSy Ljung. ; AmphilepiSy Ljung. ; Ophiolepis, Lym. ; Ophiomartut, 




Fio. XXXIll. 
Abactinal vievt of Hcmipholis conli/d'o^ Lym. c, central plate ; r, plates of radial circlet. 

Lym. ; Ophiophyllum, Lym. ; Ophiotrochtis, Lym. ; Hemipholis^ Lym. (Fig. 
XXXIIL) ; Opkiactisy Liitk. ; Ophiopus, Ljung. ; OphiopholUy Liitk. (Fig. 
XIIL); OphiacanihOy Miill. & Trosch. ; Ophiotrema, Koehl. ; Pectinuray Heller 
(non Forbes) ; OphioplocuSy Lym. ; OphionereiSy Liitk. ; AmphipholiSy Ljung. ; 
OphiophragonuSy Lym. ; OphiostigmOy Liitk. ; OphiohUnnay Liitk. ; Ophw- 
njmbiuniy Lym. ; Ophiochytray Lym. ; OphiolebeSy Lym. ; Ophiomitray Lym. ; 
(JphiocamaZy Lym. ; OphiothamnuSy Lym. ; Acroura, Ag. ; Aspiduray Ag. ; 
Hemiglyphay Pohl. ; Polypholisy Dime 

Family 4. Ophiocomidae. Zygopbiurae with both oral and dental 
])apillae. Genera — Ophiocomay L. Ag. ; Ophiomadixy Miill. & Trosch. ; 
Ophtarthruniy Pet ; OphiopsiUiy Forbes ; OphiopteriSy K A. Smith. 

Family 5. Ophiothricidae. Zygopbiurae with dental papillae, but 
no oral papillae. Genera — Ophiothrix, Miill. & Trosch. ; OphioaiemtSy MilU. 
& Trosch. ; Ophiogymruiy Ljung. ; Ophionemay Liitk. ; OphionephthySy Liitk. ; 
Ophiomazay Lym. ; Ophioilulay Verr. ; Ophiopsammiumy Lym. ; OphiopteroTiy 
Ludw. ; (^) Ophiurelloy Ag. 
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THE ECHINOIDEA.^ 
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Knowledge of the Echinoidea or Sea Urchins is more complete 
than that of any other of the classes of Echinoderma. The 
class is widely distributed at the present day, members of it 
living in seas of all parts of the world and at all depths. It is of 
great antiquity, and fossil Echinoids occur abundantly in rocks of 
all periods since the Devonian, while a few are known from that 
system and from the Silurian. Moreover, as the classification of 
the Echinoids depends either upon the skeleton, or upon structures, 
the characters of which can be inferred from those of the skeleton, 
the systematic position of a fossil can generally be determined with 
as much accuracy as that of a recent specimen. 

» By J. W. Gregorj-, D.Sc. MS. closed at eml of 1896. 
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The very varied habits of the Echinoids further increase the 
value of this class. Some sea-urchins burrow into sand, and others 
bore into rocks. Some seek the shelter of rock-pools or the quiet 
of a muddy sea-floor below the limit of tidal action. Others 
cling to rocks between tide-lines, choosing the positions that are 
most exposed to the buffeting of a tropical surf; others again 
crawl over, or lie half- buried in, the ooze of abyssal oceanic 
depths. Some feed on algae; others swallow mud and live 
on the organic matter it contains. Of some the young develop 
directly, of others indirectly, the latter undergoing a metamor- 
phosis during development. The modifications in stnicture by 
which Echinoids are able to adapt themselves to these different 
habits are so well marked, that the conditions under which fossil 
sea-urchins lived can generally be determined. Hence the group is 
of great value to the geologist. Such rich series of Echinoid faunas 
are known, that the life-history of the class can be written with 
greater completeness than that of any other group of Echinoderms, 
and as completely as that of any class in the animal kingdom. 

Little, however, is certainly known as to the relations of the 
Echinoidea to other Echinoderms. The group is so compact and 
well marked, that the distinction between it and the other classes 
was known to Aristotle, and has never been in doubt. Moreover, 
the class has been as well defined as it now is since Silurian times. 
The recognition of the sea-urchins as a distinct group of Echino- 
derms is, therefore, as old as zoology. A sketch of the history of 
work upon the Echinoids need only consider the determination of 
the main points in their anatomy, life-history, and classification. 

The earliest account of the natural history of the sea-urchins 
is in Aristotle's Hidory of Animals^ wherein the common edible 
species of the Mediterranean {Echinus esculeni\m) is described 
with considerable accuracy. Aristotle called this animal Echinus 
(Extvos), the Greek for hedgehog, a term subsequently given to the 
best known genus, and used as the root of the name for the class. 
In the same book three other types of sea-urchins are mentioned, 
viz. Brissus, Spafungvs, and Echinomdra ; and these names are 
still used in Echinoid nomenclature. Aristotle's account shows 
that he had studied both the habits and anatomy of the animals ; 
thus he knew that Echinus could walk upon the tip of its spines, 
had five teeth, fiwQ unpaired ovaries, a pharynx, and stomach. In 
mediaeval times Echinoids were described by Rondelet (1554) and 
Aldrovandus (1606 and 1648); but it was not till the beginning 
of the eighteenth century that any observations of scientific value 
were published. The first important post-classical contributions 
to the subject were the works of Breynius (1732) and Klein 
(1734). The former in his De Echinis et Echinitis, and the 
latter in his NaturaXis DisposUio Echinodermatum, figured and 
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described many genera and species of Echinoids; but, as their 
names were not binominal, they are not accepted. Gualtieri in 
1742, and Seba in 1758, used the names and methods of their 
predecessors, and described additional species. In the latter year 
Linnaeus adopted the binominal system of nomenclature in the 
tenth edition of his Si/stema Naturae^ but in other re8p>ect8 his 
treatment of the Echinoids was retrograde. He accepted sixteen 
species ; but although among these there were such different types 
as Echinus esculerUus, Cidaris, Echinometra, Colobocenfrottts, Arachnaides, 
Clypeasfer, etc., he included them all within a single genus. He 
thus threw back the study of Echinoids for twenty years. It was 
not till 1778 that Leske (48) reintroduced the sound system of 
woi'k adopted by Breynius and Klein, which had been discarded by 
Linnaeus. Leske's edition of Klein, with his own " Additamenta," 
therefore forms the real starting-point of systematic Echinology. 
No important advance from this was made until the publication 
of Lamarck's Histoire Naturelle des Animaux sans VerUbi'es in 1816. 

From this date progress was rapid ; ^ the principal contribu- 
tions being made by Gray (1825), de Blainville (1830), Desmoulins 
(1837), L. Agassiz (1836, 1840, 1841, 1842), and Desor (1842). 
In 1846 and 1847 the last two authors published a complete 
synopsis of knowledge up to that date in their Catalogue Baisonn^ 
des Echinides, Since then the literature of the Echinoidea has 
been voluminous. The existing species have been described by 
Liitken, Diiben and Koren, Lovt^n, Leuckart, Peters, Grube, 
Doderlein, Thomson, Bell, and especially by A. Agassiz. Our 
knowledge of Palaeozoic Echinoids is mainly due to M*Coy, C. F. 
Romer, J. Miiller, Desor, Meek, Worthen, Hall, Neumayr, Duncan, 
Keeping, and Jackson ; of the Mesozoic faunas to d'Orbigny, 
Cotteau, Wright, de Loriol le Fort, Clark, Schultze, Lambert, 
Gras, Forbes, S. P. Woodward, etc. ; of the Cainozoic to Dames, 
Laube, Cotteau, de Loriol, Forbes, Bittner, Gauthier, Peron, 
Pomel, Duncan, Sladen, Hutton, Sismonda, Michelin, Grateloup. 

Dujardin and Hup6 (21) in 1862 attempted a synopsis of 
the whole of the Echinoidea. Desor's Synopsis des Echinidts 
Fossiles (1854-58) is the last reliable summary of the fossil species, 
as is Agassiz's Revision of the Echini of the recent. Revisions of the 
genera were arranged by Pomel in 1883 and Duncan in 1890 (24). 

The morphology of the Echinoidea was first seriously studied by 
L. Agassiz and Valentin, whose account in 1842 (5) of the skeleton 
and visceral anatomy was based mainly on Strongylocentrotus lividus. 
Lam. sp. The circulation had been previously described by Tiede- 
mann (1815) and Delle Chiaje (1825), and the nerves by Krohn 

' Reference to part of the literature is given on pp. 328-332 ; a bibliography up to 
1872 is given by A. Agassiz (1), pp. 1-9. Some of the general works are included in 
the lists for Stelleroidea (p. 279) and for Echiuoderma generally (p. 35). 
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(1841). The next important advance was made by the memoirs of 
Joh. Miiller (1850-57) who gave a full account of Cidaris. Among 
later general contributions to anatomy may be mentioned those of 
Teuscher (1876), Koehler (1883), Prouho (1887), Fr^d^ricq (1876), 
Perrier (1869 and 1875), Hamann (1889), and the last jmrt 
of A. Agassiz's Revision, Special types have been described in 
separate memoirs, such as Cidaris and its internal branchiae, by 
Stewart (1880); Spatangus, by Hoffmann (1871); Asthenosoma, 
by P. and F. Sarasin (1888); Phomwsoma, by Bell (1889); 
DarocidariSf by Prouho (1888) ; Pourtaksiii, by Lov6n (1883). 

Knowledge of the anatomy of the skeleton is due to many 
students, but especially to the masterly series of memoirs by 
Lov6n. The structure of the spines has been described and their 
taxonomic value shown by Mackintosh (63) and A. Agassiz (1, 2) ; 
the fascioles were first used in classification by Liitken. The pedi- 
cellariae were first described by 0. F. Miiller, who regarded them 
as parasites, a view disproved by Delle Chiaje ; L. Agassiz con- 
sidered them to be young Echini, which was shown to be erroneous 
by Valentin's detailed figures. An attempt to use pedicellariae as 
a basis for classification was made by Perrier (1869-70); their 
function has been the subject of a long controversy. 

The study of the embryology of Echinoidea was begun by Derbes 
in 1847, and by Miiller in a series of memoirs (1848-55); it was 
continued by Krohn (1849-57), A. Agassiz (1864), Metschnikoff 
(1868-69), Bury (1889 and 1895), Th6el (1892), MacBride 
(1896), and others. 

The term Echinoidea, now used as the name of the class, was 
applied by Aristotle to animals that resembled Echinus, which has 
always been regarded as the most representative genus. Though 
in some ways rather complex, it may be conveniently studied as 
a Tsrpical Sea-Urchin, since specimens can be easily obtained. 

The Skeleton. If we examine a specimen of the common 
British species Echinus escxdenlus, we first notice that it is 
covered all over by short, bluntly pointed spines, which are 
coloured violet at the tips. If we pull off" the longest spines, 
we find between them a number of smaller " secondary " spines 
(compare Fig. XXXIII.). After removal of all the spines, the 
general character of the main shell can be seen. It is com- 
posed of closely fitting plates, which together form the rigid 
" test " or shell. The shape is rounded in transverse section ; 
the surface on which the mouth opens is flattened, while the 
upper half of the test may be either well rounded or sub-conical. 

On the centre of the lower flattened surface there is a large 
flexible membranous area covered with loose plates which bear 
short spines. This is the " peristome " ; the mouth opens in the 
centre of this space; its exact position can be determined by 
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the presence of five sharp teeth, which, if not extruded so as to be 
seen, can at once be felt. At the other end of the axis of the 
body there is a smaller membranous 
area, the " periproct," in the centre 
of which is the anus. The periproct 
is surrounded by a circle of five plates 
(Fig. I.), one of which is larger than 
the rest ; this large plate bears a 
small perforated prominence, called 
the " madreporiform tubercle " or 
" madreporite " (m). Through the 
pores in this plate water passes to 
the series of canals known as the 
water- vascular system. Each of the 
■ four plates of this apical circle 
is perforated by one of the pores 
through which the genital products 
escape to the exterior. These five plates are therefore known as 
the "genitals" (g). Alternating with them are five smaller plates 
(o), each perforated by a pore, through which passes a process 
ending in a sensory eye-spot. These plates are therefore called 
the "oculars." The whole ten plates form a group known as the 
"apical system." Between the apical system and the peristome is 
the main teat. Ton lines of suckers may be seen in a fresh 
specimen, radiating from the five ocular plates ; two lines start 
from each ocular, and pass in a straight series round the test to 
the edge of the peristome. As the two series of suckers are 
arranged like the rows of trees in an avenue, the area bounded by 
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them has been called an itnibulucrum.^ As there is one ambula- 
crum to each ocular, there are five in the complete test, separated 
by five broader inierambulacra. 

Each ambulacrum and interambulacrum consists of a double 
row of plates in vertical series running from the apical system to 
the peristome. Each interambulacral plate (Fig. II. 2) is irregu- 
larly pentagonal in form ; the angles are sharp and regular, but 
the plate is elongated in a horizontal direction. Each plate bears 
a number of "tubercles," of which there are three sizes — primary 
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(/'), secondary (^), and miliary (g). The* primary tubercles are 
the largest, and bear the primary apinee ; each tubercle conBista 
of a rounded base or " boss " (£), on the centre of which ia a email 
pimple or " mamelon " (in). Around the base of each primary 
tubercle is a smooth, level surface called the " scrobicule," which is 
generally surrounded by a circle of granules called the "scro- 
bicular circle." Scattered irregularly over the plates are the 
smaller secondary tubercles which bear the secondary spines, and 
between these are large numbers of smaller elevations known as 
"miliary granules" (g). 

The function of these tubercles and granules is tha support of 




the appendages known as "spines" 
and " pedicellariae." The Spines, 
like the tubercles, are of three 
sizes — primary, secondary, and 
tertiary — the structure of each of ^JS",^ 
which is fundamentally the same. 
Each consists of a long shaft, 
marked by longitudinal fiutings ; the base of the spine is hollowed 
into a cup or condyle, which fits over the mamelon of the tubercle. 
Around the condyle is the collar of the spine which projects above 
the level of the shaft, and serves for the attachment of the muscles 
which fix it to the test. A transverse section of the spine (Fig. 
III.) shows that it is made up of a number of solid wedges, radiating 
from a central axis, and separated by bands of porous tissue.^ The 
smallest spines consist only of tiny needles of porous tissue, and 
agree in structure with the apiiies of the second type of appendage. 
The palictUariae (Fig. IV.) consist of two or three beak-like 
' The spioe ia therefore, aciorJIng to the Wrniiaology of M»cltintoah (63), poly- 
cyllc and acoDthoapbeuote. 
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valves attached to the^ end of a flexible stem. The valves open 
and shut like a bird's beak, or like the avicularia of Bryozoa. 
They have been seen to seize particles of the excreta of the urchin 
and pass them on from one pedicellaria to another, until they fall 
over the margin of the test. Their main function, however, appears 
to be defensive. When a starfish attacks a sea-urchin, the latter 
bends down its spines and thus exposes its pedicellariae ; these 
seize hold of the tube-feet of the starfish, which their bites appear 
to hurt. The pedicellariae, however, are always torn away, as they 
cannot relax their hold ; and thus, if an urchin is attacked by 
a series of starfish, it is in time rendered defenceless (Prouho, 70). 
The spJiaeridia are also modified spines ; they are globular in 
form,. and lie in pits around the peristome (Fig. V.). 

The ambulacral plates (Fig. II. 1) are ornamented by tubercles 
and granules like those of the interambulacral plates, though 

smaller; but the plates difier 
■"^^"^ """^ in structure. The interam- 

bulacrals are solid, whereas 
the ambulacral plates are 
pierced by small holes, 
through which ])ass the 
^ suckers or podia of the am- 

-. ♦ ♦! i ^ 1 1 » f bulacra. The pores occur 

Transverse section through peristoimal plates of . . j v 

(7.»/;jetJ«/<;r showing u globular 8pha«ridiuni in itj* pit. in pairS, and each pair is 

<Aft*r i^ven.) surroundcd bv a raised 

ring forming an epipodium. There is one epipodium to each 
primary ambulacral plate ; but, except at the summit of the am- 
bulacrum, the primary plates are united into compound plates, 
each of which has as many epipodia as there are primary plates 
in it. In one of the plates in the middle of the ambulacral series 
there are three pairs of pores, which occur in a curved series or 
arc. This arrangement of the pairs is due to the crowding of the 
plates during growth ; owing to the same cause, the elementary 
ambulacral plates no longer always extend right across the half 
of the ambulacrum to which they belong, but are cut oft" from 
the median suture by the union of adjoining plates behind them. 
Plates thus cut oft' from the central suture line are known as 
" demi-plates." In an ordinary Echinus esculeiUus each compound 
ambulacral plate (Fig. XII. 4) consists of one central demi-plate 
{d) between two primary plates (/?). 

The principal remaining elements in the skeleton are those of 
the five jaws, and of the internal processes, to which the muscles 
that work the jaws are attached. The Dental Apparatus (Fig. VI.) 
is a conical structure which is placed apex downwards over 
the mouth. The axis is hollow and contains the pharynx or 
commencement of the oesophagus. The dental apparatus consists 
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of twenty pieces. The largest of these are the five pyramide {Fig. 
VI. p) ; they are shaped like the sectors of a cone, being pointed 
at one end, having two flat sides, and with a curved outer margin. 
The flat aides are marked by transverse ridges, which serve for the 
attachment of the muscles that bind the pyramids to one another. 
The pyramids are hollow, and in each of them lies a long, curved, 
keeled tooth, the hard point of which projects through a hole 
at the pointed lower 
end of the pyramid. 
Above the suture be- 
tween a pair of pyra- 
mids rests a short, thick 
bar known as the brace; 
above the bi^ace (ft) ia 
a curved bifid process 
or " compass " (ly). 

Round the inside of 
the peristome is a hard 
raised rim (Fig. VII. 
f.r) which rises into an 
arch over each of the 
ambulacra. This is the 
" i)erignathic girdle," 
and to it are attached 
the muscles which work 
the masticatory appara- 
tus; one set of muscles DodUI appuntur. or &A(niu fnrufcniir., L. A pjmiiuiil 

attached to the pyramid ^d^,'^:,M^'i,'.^tlf^b™»;1,f^J^iIr"'' = 
pulls the jawa apart; 

other sets, attached to the braces and compasses, pull them down- 
ward and drive the teeth togethei'. 

The remaining skeletal structures are small and unimportant, 
and consist only of scattered calcareous plates and spicules which 
are distributed through the tissues. The principal oE these are 
the " rosettes " or " pelHons " (rings of plates which support the 
suckers), and spicules in the stems of the podia. 

The internal anatomy of the Bchinits may be most conveniently 
studied by the removal of the upper half of the test. The five 
ovaries will then be seen lying in the upper parts of the inter- 
radia, and the great coiled intestine occupying most of the 
interior. The main features in the internal anatomy are shown 
in Fig. VII. 

The Alimentary Canal begins with a mouth (_ml) situated at 
the centre of the peristomial membrane (pst) ; from the mouth the 
muscular pharynx (ph) passes upwards through the central tube 
of the masticatory apparatus. The oesophagus (oe) runs horizon- 
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tally from the upper end of the pharynx to the lobed stomach (j), 
which is twisted in a spiral twice round the body cavity ; it con- 
tracts above to the rectum (r), which opens to the exterior by an 
anus (a), situated in the centre of the apical syatero. 

The Water -vascular System. Above the top of the dental 
apparatus a vessel may be seen running round the oesophagus. 
This is the circumoesophageal ring of the water-vascular Bystem 
(c.te.i'). From it five radial vessels pass downwards outside the 
masticatory apparatus to the periatomial membrane ; there they 
bend upwards, jiass beneath the arches of the perignatbic girdle 




AinbitUcnl plate ; vp. 
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(p.a), and one runs up the iuside of each ambulacrum. Branches 
from the radial vessels are given ofi* alternately to right and left ; 
one of these branches passes to each pore-pair, below which it opens 
to a pair of pocketshaped vesicles or ampullae (af). From each 
ampulla a small tube passes through both pores ; the two tubes 
unite on the exterior to form the shaft of the tube-foot or 
pod ion (pd). 

The water-vascular system round the peristome of an irregular 
Echinoid is shown in Fig, XLIV, The water-vascular ring (w.r.r) 
lies above the peristomial membrane, and just above the circumoeso- 
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phageal nerve ring, which can be seen in the figure, connecting the 
five ambulacral nerve cords (am,n). 

The walls of the podia are strengthened by calcareous spicules, 
and expand at the end into a sucker. The function of the tube- 
feet is to help in locomotion. The sucker is pressed against a 
smooth surface; water from the reservoir or ampulla is driven 
into the podion, and the tube-foot is thus rendered tense and rigid. 
The rosette of plates in the sucker is pulled backward, when a 
vacuum is left between the sucker and the surface against which it 
is pressed. Firm attachment is thus secured, and the animal can 
drag itself along (for action, see Fig. XLII.). So powerful are 
these suckers that, by their means, the Echinoids of the genus Colobo- 
centrotus (Fig. XXXIV.) can cling to exposed rock surfaces, fully 
exposed to the surf of a coral reef. 

The supply of water to the water- vascular system is introduced 
by a membranous vessel — the stone-canal (s.e) — which rises from 
the circumoesophageal ring, and is attached to the plate of the 
apical system which bears the madreporite (m). As we have seen, 
this plate is perforated by many small pores, through which water 
can pass into the stone- canal. Owing to the small size of the 
pores, the water is filtered as it enters. In Echinus escvlenius the 
stone-canal is membranous, and the name therefore appears inap- 
propriate. The name was first applied to this canal in the genus 
Cidaris, in which it is hard and calcareous. The flow of water in 
the interior is regulated by five "Polian vesicles," situated on 
the circumoesophageal ring, and acting as reservoirs. The latest 
account of the function of these vessels is given by Uexkiill (82). 

The main points in the distribution of the water-vascular vessel 
can be easily verified ; but the Blood- vascular or haemal System 
is more obscure. The most important structure is an ovoid body 
(Fig. VII. d,o), situated beside the stone-canal; it is known as 
the " dorsal or axial organ," and by other names (see Chapter VIII. 
pp. 23, 25). Its canal joins above with the stone-canal ; it is said 
to open to the exterior through the madreporite, but this is denied 
by some authorities (as Hamann). Round the upper end of the 
" canal of the dorsal organ " is a circular canal known as the 
"genital ring," which appears to be connected with a series of 
haemal vessels or lacunae which surround the dorsal organ. In 
this case it must be also connected with a ring round the oesophagus, 
from which five branches pass downward beside the pharynx, and 
then run up along the test below the ambulacra. The "circum- 
oesophageal haemal vessel " is connected with a haemal vessel which 
runs along the inner side of the stomach. 

A third group of canals or vessels consists of a circular sinus 
round the oesophagus, from which five branches run up the ambu- 
lacra between the radial water- vascular vessels and the radial nerve 
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cords. This group of ainuBes is known aa the " pseudhaemal 

ay stem," 

The function of the haemal and pseudhaemal systems has been 
much debated, and the relations of their various members are still 
uncertain. The dorsal organ is sometimes said to be a kidney, 
as by Hamann (38) and the Sarasins (72). Hartog (39) has 
supported this by claiming that the circulation is outward 
through the madreporite ; but Cu^not and Ludwig (62) main- 
tain that the current is inhalent. Leipoldt and Prouho (70) 
point to the absence of any glandular epithelium and of any 
connection between the cavity of the organ and the general body- 
cavity. They therefore deny that the organ is a gland, and regard 
its function aa the making of amoeboid cells for the perivisceral 
fluid. It therefore seems most probable that the haemal system 
distributes nutrient material through the body, both in solution 
and by corpuscles (see also Durham, 1 1 of previous list, p. 36). 

A third circum oesophageal ring is that of the Nervous System 
(Fig. VII. ft.)-). This is placed below the water- vascular ring. From 
it five radial nerve cords (r.n.c), the ambulacra! nerves, jiass up the 
inside of the test, lietween it and the ambulacra! water- vascular 
vessel. Branches fiom the ambulacra! nerve cord pass right and left 
to the ampullae, and' give off smaller branches which pass through 
the pores to the suckers 
(Fig. VIII). The branches 
fork, one half running up 
the podion and the other 
expanding over the surface 
of the test as a plexus, 
which controls the move- 
ments of the spines and 
the pedicellariae. A small 
nerve ring (n.sp) surrounds 
the base of each spine. 

The Generative Organs 
are large and simple. They 
consist of five branching 

SffiS'iBSV.s.af.'Sr.iirKr-' ii«"'i" (Fig. vn. ,), -ma 

He attached to the inter- 
ambulacra! plates in the upi>er part of the body-cavity. Each of 
the five organs opens to the exterior by a single tube which passes 
through the pore in a genital plate. The young of Echinus are 
free-swimming plutei, and undergo a metamorphosis during the 
development and resorption of the plntea! skeleton and ita append- 
ages (cf. development of Bchinori/ainus, Chapter VIII. pp. 15-17). 

Respiration is largely effected by the aeration of water in the 
podia ; but in addition to this there is a series of five pairs of enai] 
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folded branchiae or gills (Fig. VII. 6) lying on the margins of the 
peristomial membrane. These are diverticula from the general 
body-cavity, and pass out by the ten notches in the peristomial 
margin of the test. There are, moreover, five large internal 
vesicles rising from the upper edge of the masticatory apparatus ; 
these are known as "Stewart's organs" (Fig. VII. sf), and may 
act as internal gills. 

The ordinary Eckinits, then, has the following characters : — It 
consists of a skeleton, which is mostly external, and is com- 
posed of numerous closely fitting polygonal plates, bearing spines. 
Within, it has a simple, coiled, alimentary canal, with mouth and 
anus at the opposite poles ; it has five generative glands ; an 
elaborate series of water-vascular vessels, provided with podia, 
ending in suckers. This water-vascular system, the blood-vascular 
system, and the nervous system each consist essentially of a 
ring round the mouth, from which five branches pass outward, 
one up the inside of each ambulacrum. 

Among the Echinoids the Variations in Btmcture from this 
simple type are very diverse. Thus the form, instead of being 
globular, may be depressed into n thin, flat sheet, in which the 
wide, low roof has to be supported by pillars, as in SciUdla (Fig, 
XXXV. 4). Id some of these thin forms the posterior margin of 
the test is lebed and digitate, as in 
Boiula (Fig. IX.) ; in some cases the 
ends of the processes unite, leaving 
perforations or " lunntes." In such 
depressed forms, owing to the sharp 
division of the test into upper and 
lower halves, the central podia of 
the former are useless for purposes 
of locomotion, and are specialised 
to serve as branchiae ; thus the am- 
bulacra become modified into petaloid 
and extra -petaloid portions. The 
ejection of the excreta through an 
anus situated in the middle of these 
branchiae would be disadvantageous, 
owing to the consequent pollution of 
the water. Hence, in such forms, the anus has passed backwards, 
and opens in the hinder part of the test. This backward move- 
ment of the anus is usually balanced by the forward movement 
of the mouth, and thus the Echinoid loses its quinqueradiate 
symmetry and becomes bilaterally symmetrical. 

This change affects not only the position of the external 
apertures, but the development of the internal organs. Owing to 
the invasion of the posterior interradius by the anus, the generative 
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gonad there aborts ; the gonads thus occur as two lateral pairs, and 
increase the bilateral symmetry of the Echinoid. This is further 
strengthened by changes in the structure of the apical system 
of plates. This system, as in Cidaris or Echinus (Fig. I.), consists 
of a double circle of plates. The inner circle is formed by the 
five genital plates, which are often called the basals. As the 
latter name has been given to them on the ground that they are 
the homologues of the basal plates in Crinoids, the older name of 
genitals is here retained. The outer circle of plates occur in the 
angles between the genitals, and as they bear the "oculi," they 
are called the oculars ; they have in turn been regarded as homo- 
logous with the radial plates of the Crinoid cup and called "radials," 
while Cu^not, on a difi'erent theory of homology, calls them the 
" terminals." As the double circle of plates surrounds the anus, 
this form of apical system is known as " endocyclic." From its 
typical arrangement, as seen in Cidnris, variation takes place in 
two directions. The extreme of one line is seen in Tiarechinus (Fig. 
XVIII.) and Lysechinus, in which the apical system of plates forms 
either half or nearly the whole of the test. In the other direction the 
plates become less important ; in Aspidodiadema (Fig. XXII.) they 
form a single ring of ten plates ; and in Asthenosoma (Fig. X.) they 
^ are either reduced to ten rudimentary plates of no 

A «^o functional importance, or are altogether absent. 
9jj^ ^^•J^ The membrane which lies between the anus 

%"""® 9% and the genital plates is generally covered by num- 
ff^^it erous small plates, known as the ^'anal plates." 
Fig. X. ^^ some genera, such as Acrosalenia, some 

Apical system of of the anal platcs are large and thick, and are 
a,'*'^a"^aPoi>In7n^: ^^mly attached to the genitals. One of these 
(After P. and F. Sar- pjates may increase at the expense of the rest, 

until, as in the genus Saknia, there is one large 
suranal plate attached to the genitals (Fig. XIX.). This plate 
has been regarded as the homologue of the imaginary dorso- 
central plate of the Crinoids. This plate pushes the anus back- 
ward from its originally central position. 

A tendency towards the retrogression of the anus is shown 
in all groups of Echinoids. One of its effects is the pulling 
out of the posterior plates of the apical system, and the consoli- 
dation and increase of those in front. Thus in Zeu^lopleurus the 
anterior genitals meet along the middle line, while the posterior 
genitals become narrow and are completely separated from one 
another by the oculars. In Fygaster (Fig. XL 1) the retrogression 
has become so marked that the anus lies just outside the apical 
system, which is therefore " exocyclic." In Clypeus (Fig. XI. 2, 3) 
the anus becomes completely detached from the apical system, 
which is no longer a ring of plates, but a compact group. 
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Id Echinus the madreporite (Fig. I. m), or the opening of the 
water-vaacular syatem, is on the right anterior genital plate. After 
the anuB has receded from the apical syBtem, the madreporite 
begins to follow it. In a simple compact apical system the pores 
of the water-vaaoular aperture occur only in the right anterior 
corner of the Bystem. Such a system is said to be " ethmophract," 
ae in Discoidea or Micraster (Fig. XI. 4). In more advanced forms 
the pores and the plate on which they open extend backward until 
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they separate the two poatero-lateral genitals, as in Spaiangui 
purpiirms (Fig. XI. 5). Such an apical system is said to be 
" ethmolysian." 

Another change in the apical system is wrought by the elonga- 
tion, of the teat in the antero- posterior direction, whereby the 
apical system becomes elongated. The plates of the two pairs of 
genitals become adjacent, and completely separate the anterior 
and the two pairs of oculars from each other ; the three anterior 
ambulacra usually meet close together, and are separated from the 
two posterior ambulacra by a wide space. The three anterior 
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ambulacra then form the " trivium,'* and the two posterior form 
the "bivium." This may be clearly seen in the common Chalk 
Echiiioid, Echinocorys scutatus, Leske (syn. Ananchyies ovaius. Lam.), 
(Fig. XXXV. 2). In some cases the separation of the trivium and 
bivium becomes greater ; it is finally completed in the Jurassic 
genus Collrjriies, and the living genus Fourtalesia, in which the 
apical system is broken up into two parts, separated by a zone of 
ordinary interambulacral plates. 

Important changes also take place in the plates of the test, 
affecting both their structure and arrangement. 

The Interambulacral Plates are biserial in the great majority 
of Echinoidea, but they may be uniserial, triserial, or multiserial. 
Each plate may bear one tubercle or more than one ; to increase 
the strength of the muscular attachment of the spine, the mamelon 
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Types of ambalucral plates. 1, cidaroid ; 2, diadcnioid ; 3, arbacioid ; 4, echinoid ; 
5, cyphosoiuoid. d, demiplates ; p, primary plates. 

is perforated by a small hollow, and the boss becomes irregular, 
owing to a series of crenulations. 

Thus among other variations of interambulacral plates are the 
following : — Those which are unituberculate with the tubercles 
either plain or crenulate, perforate or imperforate ; those which 
are bi - or multi - tuberculate, and have the tubercles either 
perforate or imperforate ; those which are granulate, .as in 
Falceechinus ,' those which have their edges bevelled, as in Echino- 
tJmria. 

The principal variation in the Ambulacral Plates is in the 
number of elementary plates (shown by the number of pore-pairs) 
in a compound plate. There are five main types : — 

1. The cidaroidf when all the plates are low, simple primaries, 
as in the Cidaridae, Orthopsinae (Fig. XII. 1). 

2. The diadtmoid, when all the plates are primaries, but they 
are united in sets of threes into compound plates (Fig. XII. 2). 



THE ECHINOIDEA 



297 



3. The arbacioid^ when the compound plates are formed of 
three simple plates, the middle one being a large primary, while 
the other two are small demi-plates (Fig. XII. 3). 

4. The echinoidy when the compound plates are formed of three 
simple plates, but the middle plate is a small demi-plate, and the 
two others are primaries (Fig. XII. 4). 

5. The q/phosonwid type, when the compound plates are formed 
of many simple plates arranged in arcs, in which the middle com- 
ponents are demi-plates (Fig. XII. 5). 

In most of the compound ambulacral plates, one or more of the 
constituents become " demi-plates " by losing their contact with 
the vertical suture on either side of the series. In some Echinoids 
some of the plates are further reduced by growth-pressure, so that 
they lie along the horizontal sutures between the primaries, as in 
the Echinothuridae, or form broad areas of numerous small plates, 
as in the Melonitidae. For these plates the name of "klasma- 
plates " has been suggested. 

One important variation aflfects both the ambulacral and inter- 
ambulacral plates. In some forms, such as Asthenosoma, the plates 
are thin and attached to powerful lateral muscles (Fig. XXX.), by 
which the test can be contracted and 
expanded. In such Echinoids the plates 
are not closely fitted like stones in a 
mosaic, but the edges are bevelled, so 
that the plates overlap like slates on a 
roof. 

The Mouth Armature also under- 
goes great changes, which may be best 
seen by the nature of the perignathic 
girdle, of which there are five main 
types. In Cidaris (Fig. XIII. 1) it is 
" disconnected," consisting only of an 
erect "ridge" situated on the inter- 
radial plates around the peristome. 
In Salenia (Fig. XIII. 2), in addition to 
the ridge, there are small " processes " 
on either side of the ridge — the pro- 
cesses arise from the ambulacral plates. 
In the Diadematidae and Echinidae 
(Fig. XIII. 3) the ridge becomes insig- 
nificant and the processes important ; 
they lengthen and form an arch across 
the ambulacra. The perignathic girdle 
is then said to be " continuous." The extreme form is met with 
in such genera as Echinometra (Fig. XIII. 4), where the arch is 
strengthened by a strong cap. In those Echinoids in which the 
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Fio. XIII. 

Types of perignathic girdle:*. 1, 
disconnected type of Cidaris ; 2, dis- 
connected type of Salenia ; 8, simple 
arch of Diadema : 4, capped arch of 
EchinoiMtra. ii, ambulacral plates; 
aury auricle ; c, cap ; i, interauibula- 
cral plates ; t.a.j), interambulacnil 
processes. 
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apical system is exocyclic, the jaws become less important. In 
the Clypeasters the jaws are massive, but their power of move- 
ment slight, as they are poised on small vertical processes which 
fit into a socket on the pyramids. 

In the Holectypina we see a gradual reduction of the peri- 
gnathic girdle, the processes becoming low and the ridge important 
(as in lJiscouiea)j until in Galerifes the ambulacral processes are 
absent, and there are only five low interradial thickenings which 
act as ridges. Finally, from the Atelostomata the perignathic 
girdle and jaws are completely absent. 

The Generative Glands are fairly constant in character, but their 
number varies, one or more being lost in many Irregular Echinoids. 
The young are generally free-swimming plutei, but some species 
are viviparous, the young being nursed in marsupial depressions 
(Fig. XLIII., see Wyv. Thomson, 81). 

In spite of these great variations in structure there are several 
characters common to all Echinoids. By the selection of those 
structures which are found in all the Echinoids (except when they 
have been lost by obviously secondary modification) it is possible to 
conceive a schematic Echinoid. This is useful, as it helps us to an 
idea of the primitive ancestor of the class, and as it brings into pro- 
minence the features which separate the Echinoidea from the other 
Echinoderma. 

The Primitive Echinoid — for which various names have been 
suggested — probably had a globular muscular body, covered by an 
irregular series of polygonal plates. It must have had a simple 
alimentary canal rising from a mouth situated at the centre of the 
lower surface ; at first, possibly, it may not have had an anus, 
which, when it came, opened on the upper surface. Three rings 
surrounded the oesophagus, and from each ring five branches passed 
up the test to the Hl)oral pole. These three rings with their 
branches formed the water-vascular, blood-vascular, and nervous 
systems. Branches from the radial vessels of the water-vascular 
system passed between the plates of the skeleton to the exterior 
and acted as suckers. The suckers, by absorption of parts of 
the plates, at length j)assed out through pores, instead of through 
the sutures. The perforated plates were therefore marked off 
from the others and formed the five ambulacra, while the imper- 
forate plates between constituted the interambulacra. A tube 
connected the water- vascular ring \vith the exterior, and allowed 
the entrance of the necessary water by a single pore. Five un- 
paired gonads occupied the interambulacral areas. The primitive 
Echinoid did not have either a stalk, apical system of plates, 
masticatory apparatus, or perignathic girdle. 

Such an animal would have been regarded as an Echinoid, as it 
was not attached by the aboral surface, but on the contrary had 



THE ECHINOIDEA 299 



the mouth downwards ; as its gonads were quinqueradiate ; and as 
its ambulacra extended from the peristome almost to the aboral 
pole. The union of these three characters separates the Echinoidea 
from the rest of the Echinoderma. 

Proceeding to discuss the Sub-Classes, Orders, and Families of the 
Sea-urchins, we may sum up their common characters in the following : — 

Diagnosis of the Olass.^ — The Echinoidea are eleutherozoic Echino- 
derma which are actinogonidial (xa, having the gonads quinqueradiate) 
and zygopodous (the podia extending from the peristome to near the 
aboral pole). The body is covered by numerous series of plates, usually 
polygonal and in vertical series. The apical system may be absent, 
rudimentary, well developed, or very extensive. The gonads are un- 
paired and interradial. The body is spherical, or flat, or bilaterally 
symmetrical, and is covered by spines which may be long, stout, and 
strong, or present every stage of reduction to such as are fine and 
silky. An anus is always present, but its position is variable ; but 
it is either at the aboral pole or in the posterior interradius. Respiration 
is partly by gills and pai-tly by podia. Development is either direct or 
indirect 

The usual primary subdivision of the Echinoidea is into two sub- 
classes — Pal^echinoidea and Eu echinoidea ; the former including ap- 
proximately all the Palaeozoic, and the latter all the Neozoic Echinoidea. 
The last formal attempt to define the two groups was that of Duncan 
(24, p. 4), which has been accepted by Jackson (41). 

Excluding from Duncan's diagnoses characters common to the two 
sub-classes, we find that the only distinction between them is that the 
Palseechinoidea have either one or more than two vertical rows of plates 
in each interambulacrum, and two or more vertical rows of plates in each 
ambulacrum ; while the Euechinoidea have two vertical rows of plates in 
each interambulacrum and in each ambulacrum. 

This classification is open to two fatal objections. The rule is not 
absolute. Thus in the Cretaceous genus Tetrdcidaris there are four rows 
of plates in each interambulacrum ; and in such genera as the Euechinoid 
TripneusteSf it is no more correct to say that there are only two rows of 
vertical plates in the ambulacra, than it would be to say so of the Palae- 
echinid Pakeechvnus which is described as having more than two vertical 
series. In the second place, the classification separates fairly close allies, 
and brings together extremely divergent forms. Thus, such a species as 
the Liassic Euechinoid Cidarts edioardsi is far more closely allied to such 
a Palseechinoid as Archaeocidaris than the latter is allied to Tiarechinus, 

The separation of these two sub-classes was originally based on several 
very definite characters, such as the imbrication of the plates, the flexi- 
bility of the test, and the number of pores in the genital plates. One by 
one these characters have been shown to be valueless for the purpose for 
which they were used, but the classification based on them has been re- 
tained. It is preferable to return to the division of the Echinoidea into 
— Regularia and Irregularia. 

1 Emended from Bell (10), p. 214. 
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Sdb-Class 1. ItBauL&RiA Eni>obb&nchia.ta. 
Month and anna at opposite poles. Anus euirouailed by the epical 
system of plntea, when thej- are present. No esUraal gills. 

Order 1. Bothriocidaxoida, Schmidt 
Loven has shown that in many young Echinoida the intenunbulacram 
begins and ends with a single plate. In the oldest known Echinoidi the 
whole interambulacrum couBists of a single vertical series. The Echinoid* 
in queatioii are two species from the Ordovician rocks of Esthonia. They 
belong to the genua llothriociilnrit, Schmidt, 

Boihrvx-iSarii has a small test, on the top of which is an apical 
system (Fig. XIV. 2), conipwed of a ring of five large ocular plates, in 
the anglea between which are five small imperforate genital plates. 
Each ocular plate has two pores. The anus is in the centre of the 
apical system, and the periproct ia covered by six or eight anal plat«a. 
The test is mainly formed by the ambulacra. Each ambulacrum consist* 




of two vertical series of hexagonal plates, each perforated by one or two 
pore-pairs. The iiiterambiilacra are narrower than the ambulacra, and 
consist of a single series of plates which do not extend to the peristome, 
from wliicb they are cut off by the expansion of the peristomial ambulacral 
jilatea {Pig. XIV, 3). The most recent description of the genus is by 
Jaekel (42). 

Ordkr 2, Cfstoddatoida, Zittel. 

Echinoidea Eegularia En dob ranch iata with test ovoid, flexible. No 
apical system of plalea. Aladreporite and anus (when present) open in- 
dependently in the posterior interambulacrum. Mouth central Ambu- 
lacra of low, closely packed plates. Inteiambulacra broad, of numerous, 
thin, and irregularly arranged plates, bearing short spines. A masticatory 
apparatus present. 

Family 1. Palakodibcidak. Cystocidaroida with depressed, discoid 
body. The ambulacral plates are biserial, crowded, and narrow ; on the 
oral surface they are not perforated by pores, but the podia pass out 
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through the sutures between the plates. Near the aboral pole the 
ambulacra are narrower and porea occur in the pktea. Qenua — 
Palatoditeat, Salter, from the Silurian of Ludlow. It ja the meet 
primitive of known Eohinoids and has been frequently aggigned to the 
Stelleroida. The main radial water- vascular vessels appear, however, 
to have passed along the inside of the test instead of below or outside 
the amhulacral plates, as in Stelloroids (Salter, 42 on p. 280, ante; Neu- 
mayr, 64 ; Gregory, 36> 

Fahili 2. ECHiNocTSTlIiAZ. Cyatocidaroida, in which the Bnibulaci& 
consist of narrow plates, each perforated by a pore-pair. The pore-pairs 
are biserial ; most of the plates are low primaries, but demi-plates also 
occur. Genus — Eehinocyitii, Wyv. Thonis. (turn Hall), Silurian ; one of 
the most remarkable of known Echinoids^ It has no apical system of 
plates, and the anus and msdreporite both open independently in the 
posterior interrodiua. The genus is therefore sometimea described as 
eiocyclic, but it is really acyclic (Gregory, 36). 



Order 3. Cidaroida. 

Echinoidea Regularia Endobrauchiata, in which the peristome is 
central ; the periproct ia central on the aboral surface of the body, and ia 
surrounded by tlie apical system of plates. The ambulacra each consist 
of two vertical series of simple narrow plates, some of which may be 
denii-plates. The interambulocral plates are unituberculate, bearing large 
spines. There ia a dental apparatus. 

In the Devonian system the Eohinoids are scarce, but their characters in- 
dicate amarked advance upon the Silurian species in the strength of the tests, 
owing to the greater thickness 
and regularity of the plates. 
Two main lines of ditferen- 
tiation are apparent In the 
first the increase takes place 
in the interambulacral platea, 
in the second the amhulacral 
plates become more import- 
ant. The former is the order 
Cidaroida, the latter is the 
order Melotiitoida. 

There are four families 
of Cidaroida, of which three 
are extinct. The most typical 
ceausis CidiirU; the earliest ,„ , !. , 1 . ^ , 

and most primitive is Lepido- in Lt,niloixtUrm. Devonim, GHnimiy. 

Family 1. Lepidocestridae. Cidaroida with nmbulacral pore-paire 
in a single scries Interambulacral plutes in more than two vertical rows. 
Teat flexible, i>\viii^- to imbricatiun of the plates. No intcriimbulacral 
plates puss on to the periatoziiiol membrane. This family is represented 
by four Palaeozoic genera — LepidoeetUriu, Miiller, Devonian ; Ltptdechin^, 
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Hall, Devonian and Lower Carboniferous ; Kaninchyi^AarU, Dollo & 
Buisseret, and }^erisiiuiil<STn.ui, M'Coy, boll Carboniferous, The main 
character of the family is tliat none of the interambulacral plates occur 
detached from the test on the periBU>mial membrane (Fig. XV.).^ 

Fauily 2. Archaeocidaridae:. Cidaroida witJi ainbulacral pore- 
pairs in a single aeries. Intcrambulacnd plates in more than two vertical 
rows. Test slightly flt'xible, owing to slight imbrication of plates. 
Peristome large, seremi ron-s of the interambulucral plates as well a« of 
the ambulaural passing on to the peristomial membrane. The main char- 
acter of this family is that, while the interambulacrat plates remain in 
more than two eeries aud souiewliat imbricated, in both of which 
features it agrees with the Lepidocentridae, it has acquired the peristomiol 
characters of the true Cidaridae, Genera — Arckiieoddans, M'Coy (Fig. 




XVL 2), and Lepidoeidari), Meek & Worthen, both Carboniferous. In 
the latter some of the ambulacral plates are demi-plates. XenoeidariM, 
known from spines only, may also belong here. 

Family 3. Cidaridae. Cidaroida with ambulacral pore-pairs uni- 
serial and plates all primaries. luterambulacral plates iu two vertical 
series in each area. Test rigid, as the plates do not imbricate. Several 
rows of interambulacral and ambulacral plates pass on to the peristomial 
membrane. The family includes the living genus Oidarit, Leske, with 
its numerous subdivisions — Rhabdondaria, ChondroridarU, StertocidaHt, 
DUcoeidarit, Tijlocidaris, Typocidaris, DoroddarU, etc. GoniocidarU, Des.j 
Orlhoddarit, Cott ; Temtutddant, Cott, ; Polyddaris, QuensL, are also 
genera of this family. Cidarie is one of the most primitive of recent 
Echinoids, and therefore one of the most instructive. 



(41). 



The systematic value of this character is shomi in Jackson's intercBting paper 
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Fig. XVII. gives the aboral Buiface of Cidarit (Stereoeidari)) »ubve»i- 
eidom, from the Chalk, showing its primitive dicyclic apical system ; its 
maeaive inlerambulacral plates separated by very narrow ambulacra, com- 
posed only of low, simple primaries (Fig. XII. I). The orrangement of 
the peristomial platea in this genus is very important; the peristomial 
membrane is covered by loose plates which include representatives of 
both the ambulacral and interambulacral series. There are no oicbed 
processes over the ambulacra, the periguathic girdle consisting only of 
interradial ridges (Fig. XIIL 1). The internal gills,' or Stewart's ot^ans, 
ore well developed. 

Family 4. Diplocidaridae. Cidoroida with ambulacral pore-pairs 
biseriaL Interombulacral plates in two or more vertical series in each 




ddarlitSlen 

area. Peristomial plates as in Cidaridae. This family includes the 
interesting genus TetTocidarit, Cotteau, which has four rows of plates in 
each interarabulacrum. This PaliEechinoid character is associated with 
a type of ambulacrum which, for the Cidaridae, is remarkably specialised. 
A second genus is Diploddarii, Dcsor. 

Order 4. Melonltoida. 

Echinoidea Begularia Endobranchiata, in which the peristome is cen- 
tral on the lower surface, and the periproct central on the upper surface, 
surrounded by the apical system of plates. The ambulacra each consist of 
two or more rows of simple plates, of which some or all may be demi- 
plates, or klasma-plates. The interombulacral plates are coveted by 
granules bearing short, simple spines ; but occasional tubercles may occur. 
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There are more than two vertical series in each interambulacrum. There 
is a masticatory apparatus, but no external gilla The order is therefore 
endocyclic, gnathostomate, anectobranchiate, with simple ambulacral 
plates, and having granulate interambulacrals. 

This order represents &n offshoot from the main Cidarid stem. It 
began in the Silurian, attained its maximum in the Carboniferous, and 
became extinct in the Permian. There are three families in the order, 
and these form an evolutionary series. All differ from the Cidaroida, 
by having granular instead of unituberculate plates, which, by itself, 
however, is not a character of ordinal importance. The main feature 
is the great increase in the importance of the ambulacral areas, reminding 
us of Bothriociiiaris, This character is well developed in the two more 
specialised families, but in the Paloeechinidae it is only just appearing. 
Thus the family named is closely allied to the members of the Cidaroida, 
and is separated from that order only as it marks the beginning of a 
very remarkable type of Echinoid structure. 

Family 1. PALiEECHiNiDAE. Melonitoida, in which the ambulacral 
plates are essentially biserial (or in one case triserial). Most of the 
plates are primaries, and the remainder long, narrow, demi-plates. The 
plates of the test are rigidly attached. One row of interambulacral 
plates passes on to the peristomial membrane. Genera — Palceechinus, 
M*Coy (pars), and Rhoechinusy Keeping; and perhaps also Perischocidaru, 
Neumayr (syn. Homotoechus, Sollas). The family is separated from the 
Melonitidae, owing to the great difference in the characters of the 
ambulacra; but it is regarded as the ancestral group from which that 
family was derived. Bho'tchinxis is the simplest genus, and includes those 
with the pore-pairs in a single series. Palceectdnus, which ranges from 
the Silurian to the Carboniferous, includes those in which the pore-pairs 
are biserial, and demi-plates occur (Fig. XVI. 1). 

Family 2. Melonitidae. Melonitoida, in which the ambulacral 
plates are all small, simple klasma-plates, which are multiserial in arrange- 
ment. These form broad areas. The test is rigid. One row of inter- 
ambulacral plates passes on to the peristomial membrane. This family 
represents a marked advance on the previous one. The tendency 
towards the crowding of the ambulacral plates and the reduction of many 
of them into klasma-plates has made great progress. Genera — Oligoporusy 
Meek & Worthen, Carboniferous ; the plates agree in general character 
with those of Palczechinus, but the ambulacral plates are quadriserial 
instead of biserial. Mdonites, Norwood & Owen, Carboniferous; the 
process has gone further, and each ambulacrum consists of from six 
to sixteen vertical series. 

Family 3. Lepidesthidae. Melonitoida, in which the ambulacral 
plates are small klasma-plates, multiserial in arrangement The plates 
of the test imbricate. None of the interambulacral plates pass on to the 
peristomial membrane. This family is the extreme type of the Meloni- 
toida, and represents a condition in which the plate arrangement becomes 
most irregular. It includes the species with the greatest number of plates 
in the ambulacra. The plates being thin and small, the test is necessarily 
fragile, a danger to the animal obviated by the imbrication of the plate& 
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As IB the rule amoag all thin-plated, flexible Echiuoids, there ia a markeJ 
tendency to irregularity, eBpecially shown in PAoItiiocvJaru. Genera — 
Pholidoeidarit and Lepidatha, both of Meek & Worthen, from the Lower 
Cftrboniferoua. 

Order 5. FlesiocidaTOida, Duncan. 

Echinoidea Regularia Endobranchiata with a email rigid test , 
perietome and periproct cential and opposite. Periproct in the centre 
of an apical system of large plates, which forms half of the whole 
teat The ambulacral areas are short and biseml. Their plates are 
all simple primaries. The interambuUcra hare each a single peristomial 
plate. 

Family I. Tiarecbinidae. Plesiocidaroida with desm actinic ambu- 
lacra {ii. ambulacra continuous &om peristome to apical system). Each 
interambulacrura conusts of four plates, viz. a single periatomial plate 
Had three tall, vertical plates in a hori;tontal row. Genus — Tiarechmvt, 




L lyntflin (mignllled). 



Jleumayr; Trias, Tyrol, The figures (fig. XVIll.) ahow its enormous 
apical disc, small ambulacra, and vertical interambulacral platee. 

Family 3. Lysbchinidae. Plesiocidaroida with ambuUers limited to 
grooves on lower surface of the teat Each interambulacrum begins with 
a single peristomial plate succeeded by a row of two plates, and this by 
one or more containing three plates. Genus — Lyuchinut, Qteg. (34) i 
Triaa, Tyrol. 

This small order includes the two most aberrant of all known 
Echinoids. In Ttareehinut there are three vertical platea in eacli inter- 
ambulacrum, while the calyx is much larger and more crinoidal in 
aspect than in any other Echinoid. It has hence been regarded as an 
argument in favour of the origin of the Echinoidea from an ancestor in 
which the apical system was of great importance. Both known genera of 
Plesiocidaroida are small forms, and they appear to have lived under 
unfavourable conditions in Triassic l^oons, for the Echinoids with which 
they are associated ore all dwarfed. Hence it seems more natural to 
dismiss Tiareehinus and Lyiechinut as two aberrant genera, in which the 
test was strengthened by the development of the apical plates. Thus they 
have no bearing on the character of the ancestral Echinoid. 
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Sub-Class 2. Regularia Ectobkanchiata. 

Echinoidea with mouth and anus at opposite poles. Endocjclic^ with 
external gilla. 

Order 1. Diademoida, Duncan. 

Echinoidea Regularia Ectobrauchiata in wbich the mouth and anus 
are both central and oppoailc. The anue opens in the centre of the apical 
system (which may however be rudimentary). The external brajichiie 
pass out through the burcal clefts. A dental apparatus is present 
There are no interambulacral plates on the peristomial membrane. The 
ambulacral plates are generally compound. 

This order raarkH a great advance on any of those previoual; 
defined. The ambulacral plates in some forms remain as simple 
primarieB, but in the majority they unite into compound plates, different 
from anything met with in the preceding groups. At the same time 
eiterual gills appear, with or without internal gills, and none of the 
interambulacral plates occur on the peristomial membrane. The order i* 
accepted practically as defined by Duncan,' but hia method of division is 
not followed. 

Si;i)-OitDEB 1. Caltcina. 

Diailemoidft in which the apical system is very large and includes 
one or more supplementary suranal plates. 

Ah we have seen in the description of rwrec/iiniw and X(/8«Aintu, 
these small forma gained strength by the development of a series of 
large apical plates. In one group of the Diademoida the same resalt 
is obtained by the incorporation of one or more "suranal plates" 
in Che apical system. Like Ttarechinut, 
the Echinoids in which this feature first 
appeared are very small. The character has 
persisted from the Trias to the present time, 
but the Echinoids iu which it occurs are never 

Family 1. Salesiidae. Calycina in 
which the ambulacral plates are simple 
primariei^, and there is one large suranal 
plate in the apical system. Genera — Salm<a, 
Gray ; HeteroiaUnia, Cott, ; Peliada, L. Ag. 
(Fig. XVI. 5 ; Fig. XIX.) ; GoniopWw, L. Ag. ; 
'' Baiierin, Ebert. 

Faiiily 2. AcRoSALKBiiDAE. Calycina in 

' more suranal plates in the apical system ; the 

mple primaries near the apical system, but com- 

,r the peristome. Genus — Acroialmia, L. Ag. 




which there are or 
ambulacral plates a 
pound, with demi-plates i 



^ stated i 



hii diagnosis. — 
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Sub-Order 2. Arbagina. 

Diademoida in which the ambulacral plates are simple primaries 
near the apical area ; at the ambitus they are compound. Some or 
all of the compound plates consist of a large central primary, on either 
side of which is a small demi-plate. (These plates are on the ^ arbacioid '' 
type of Duncan.) 

The Echinoids of this sub-order contain forms characterised by remark- 
able simplicity of structure. THe interambulacral plate's are large and 
generally of the Cidarid type. The peristome is large. The ambulacra 
are narrow except on the ambitus and near the peristome, where they 
often expand somewhat suddenly. The apical system is large and simple. 
There are two families, one of which is typically Jurassic, and the 
other typically Cainozoic. This difference in age has probably delayed 
the recognition of the resemblances between the two families. There 
are, however, several Cretaceous genera which link the Jurassic and the 
Cainozoic forms, and thus support the idea that the Arbaciidae are the 
descendants of the Hemicidaridae. 

Family 1. Hemicidaridae. Arbacina in which the ambulacral 
plates are narrow, and consist of simple primary plates for some 
distance from the apex. The compound plates are few in number, 
and irregular in arrangement ; the arbacioid 
type of plate is not extensively developed, 
many of the compound plates being dia- 
demoid, though with the sutures approach- 
ing the arbacioid character (Fig. XX.). This 
family is not well marked off from the f[ 
Arbaciidae. It represents the characters of 
that family imperfectly developed. Genera ^ 
— Hemicidarisy L. Ag. (Fig. XVI. 4 ; Fig. 
XX.), is the most important ; Acroddarisy ^^°' ^^* 

L. Ag. ; Goniopyg'^, L. Ag. ; CireopeUi,, J^%, 7SSL l^^Z] 
Pomel ; Cidaropsis, Cott ; Glypticus. L. Ag. ; Flem. ; .luraasic. Showing the 
r A -J • A xji. J 1 1- arbacioid Htructure of the plates. 

LeptocxdanSy Quenstedt, and several sub- (After Duncan.) 
genera. 

Family 2. Arbaciidae. Arbacina with small, generally sub-conical 
tests. They are ornamented by numerous granules ; a bare space occurs 
in the middle of the upper part of each interambulacrum. The am- 
bulacral plates are mainly on the arbacioid type, but there are some 
primaries near the apical system, and a few diademoid plates between 
the primaries and the arbacioid plates. Ocular pores double. This 
family includes four primitive genera ; of these two are only known 
living, one occurs in the North American Cainozoic, and the fourth 
ranges from the Eocene to the present day. The main distinctions 
from the Hemicidaridae are that in the ambulacra there are fewer 
primaries and more compound plates, and that the union of the inter- 
ambulacral plates is strengthened by the development of a series of 
knobs and sockets. These occur on the facets of the plates, the knobs 
of one plate fitting into the sockets of the next (Fig. XXI. 2). 
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Q«aera — Arhaaa, Gray ; EeAinocidarii, Dunu. ) 
plevrae, Ag. j PodocidarU, A. Ag. 



t Desmoulins ; CoA>- 



Sdb-Ordub Z. Uiadehina. 

Diademoida including a series of Ecbtnida in which the compound 
ambulacral platea gradually increase in complexity. In the eimplest 
forms all the plates are simple primaries ; in others, some of the plates 



are compound, each being formed of three primaries (the diademoid 
type) ; in others, again, some of the plates consiat of three or more prim- 
aries and one or more demi-plat«s, which occur between the abor«l and 
middle primaries. 

This is the largest of the sub -orders of regular Echinoidea aud 
includes important families. It represents an evolutionary series from 
the primitive EodiadtToa to the complex CyphoaomatidBe or the 
abnormal Echinothuridae. The simplest membera of the sub-order can- 
not be distinguished from the Saleniidae by ambulacral structure alone, 
but they are clearly separated by 
the absence in this group of any 
suranal plate. 

Fauily 1. ORTHOP&mAE. 
Diademina with the ambulacral 
pktes all simple primaries, and 
the porv-pairs in a simple series. 
This interesting family includes 
a series of simple Echinoido, 
which form the b^inning of the 
sub - order Biademina. It in- 
cludes seven geuera ranging from 
the Middle Lias to the present day, viz. Eodiadmna, Dune ; Archaeo- 
diadema, Qreg. ; Orthopiit, Cott ; Oymnodiadema, Lor. ; Peronia, Dune. ; 
Eckinopeis, L. Ag. ; Aipidodiadema, A. Ag. The only living genus is 
A$pidodiadema, a deep-sea form dredged by the ChaiUnger. It has 
been made the type of a special family by Duncan, but it seems to 
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be a survival of the Orthopsidae. The apical plates form a single 
circle, within which are five large anal plates around the anus (Fig. 
XXII.). 

Family 2. Diadbmatidab. Diademina in which the ambulacral 
plates at the ambitus are compound, and consist of three (Fig. XXIII.) 
or more (Fig. XXIY.) primaries fused together with an occasional demi- 





Fio. XXII I. 

(Jompound ambula- 
cral plates of Pseudo- 
iiiadema. Ivsminhaerica ; 
the simple diademoid 
type of three primaries. 



Fig. XXIV. 

Compound ambulacral 
plate of Pstudodiadema 
Kemispkaerieay containing a 
demi-plate (d). 




Fio. XXV. 

Compound ambulacral plates 
of Placodiadema Michdini (after 
Duncan) ; one formed of four and 
the other of five components. 



plate {dy This family includes fourteen genera ranging from the Lias 
to recent times, viz. Diadema^ Gray ; Pseudodiadema, Desor (Figs. XXIII., 
XXIV.) ; Microdiademay Cott ; Diademopsisy Desor ; Hemipedina^ Wright ; 
EchiTwdiadema, Cott. ; Pleurodiademay Lor. ; Placodiadema, Duna (Fig. 
XXV.) ; Heterodiadema, Cott. ; Codiopsis, L. Ag. ; Magnosia,' Mich. ; 
CoUaldiay Des. ; CentrostephanuSy Peters ; HelihodiademOy Gregory. 

Family 3. Diplopodiidae. Diademina in which the ambulacral 




Fig. XXVI. 

Ambulacral plates of Diplopodia 
i^rsipora (after Duncan), showing the 
bi<«erial arrangement of the pore-pairs. 




Fio. XXVII. 



m pound ambulacral plates 
^edina Smithi ; one plate 



Com] 
of Pe 

consists of three primaries, 
and one of a central primary 
and two demi-plates (d); the 
}K>re- pairs occur in oblique 
series, witti three pairs in each. 



plates are compound ; the pore-pairs are biserial either throughout the 
area, or at least near the peristome (Fig. XXVL). Genera — Diplopodia^ 
M*Coy ; PhymechinuSy Des. ; AsteropdSy Cott. : Diphtagma^ Schliiter ; 
Pligtophyma, Peron & Gauthier ; (?) Acanthechinus, Duncan & Sladen ; 
MicropygOy A. Ag. 

Family 4. Pedinidae. Diademina in which the ambulacral plates 
are compound and the pore-pairs ate triserial (Fig. XXVII.). Genera — 
Pediruty Ag. ; Psciulopedinay Cott. ; Hcteroctdarisy Cott ; Stomechinut, Des. : 
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Polycyphus, Ag. ; Pedinothuria, Greg. ; Micropedina^ Cott ; Codechinus, 
Des. ; Echinopedina^ Cott ; Echinothrixy Pet ; Astropyga, Gray. 

Family 5. Cyphosomatidae. Diademina in which the ambulacral 
plates are compound ; they are high with from three to seven pore-pairs 
in an arc ; the adoral and supra-adoral, and sometimes also the aboral 

plates are primaries. The remaining constituents 
are demi -plates (Fig. XXVIII.). Genera — Actino- 
phynux, Cott. & Gauth. ; Cyphosomay Ag. ; Leiosoma, 
Cott. & Triger ; Gauthieriay Lamb. ; Thylechtnus, 
Pomel ; CoptosomOy Des. ; Micropsisy Cott. ; Orthe- 
Fio XXVIII chinxiSy Gauthier (syn. Gagaria, Dune.) ; Triplacidiay 

Ambulacral plate of ^ittner. 

Cyphofsoma, composed of In the normal compound ambulacral plates of 

dera?-p?atesu"^* *" ^° the Diadematidae each plate consists of three prim- 
aries ; but, as in the case of Fig. XXIV., an extra 
demi-plate sometimes appears below the uppermost primary. This is the 
link between the typical Diadematidae and Cyphosomatidae. Demi-plates 
appear in Diadematids in the Middle Oolites ; the Cyphosomatidae begin 
in the Upper Oolites and attain their maximum in the Cretaceous. The 
last members of the family lived in the Eocene. 

Family 6. Echinothuridae. Diademina in which the test is more 
or less flexible ; the plates are thin and usually separated by membrane. 
Apical system rudimentary (Fig. X.) ; ambulacral plates triserial, arranged 
typically in triplets of a central primary between two klasma-plates. In 
one genus three triplets unite together to form a single plate. This 
interesting family was founded by Wyville Thomson to include the 
Chalk fossil Echinothuriay S. P. Woodw., and some living Echinoids 
dredged by the Porcupine Expedition. As the tests are flexible and 
the plates overlap, the family was at first compared with the Palaeozoic 
Echinoids. P. and F. Sarasin argued from the rudimentary nature of the 
apical disc, and from the great size of the " Stewart^s organs " and the 
presence of powerful radial muscles (the two latter characters being very 
noticeable in a new species of Astlienosmna described by those authors) that 
the Echinothuridae were a primitive family of Echinoids, and helped to 
establish the origin of this class from a Holothuroid ancestor. Neviani 
accepted this conclusion. But, as has recently been shown (Gregory, 
35), the family is an offshoot from the Pedinidae ; the genus Pedino- 
thuria helps to bridge the gap between Pedina and the oldest known 
Echinothurid — Pdanechinus. 

Sub-Family 1. Pelanechininae. Echinothurids of w^hich the am- 
bulacral plates are compound ; those near the apex consist of two demi- 
plates and a large middle primary. Those at the ambitus consist of 
three sets of three plates united into a single polyporous plate ; each 
triplet of this compound plate consists of a primary between two demi- 
plates or klasma-plates. Genus — PelanechinuSy Keeping ; Corallian, 
Wiltshire. An admirable account of the genus has been given by Groom 
(37). Sub-Family 2. Echinothurinae. Echinothuridae in which the 
ambulacral plates are simple and free ; they consist of triplets, each com- 
posed of a large central primary, and with an isolated klasma-plate above 
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and below it, Oeiiero — ^(AtnoUiurio, S. P. Woodw. ; froiu the Chalk ; 
^sfAfnofcnia, Grabe (Fig. XXIX.), a living genua with large " Stewart's 
organs" and powerful radial muBcles ; and PAormowmo, Wyv. ThomBon, 
with rudimentary Stewarfs organs and without powerful radial muides. 
In the Echinothurinae the reduction in the calcification of the test, 
which had b^un in Pelaneckinui, has been carried so far, that all the 
ambulacral plates are disunited, but are held tt^ther by strong muscular 
lining. In Atth^nomnta there is, in addition, a seriea of powerful radial 
muBcIee (Fig. XXX.), which give a panting motion to the teat The 




prcHmdiniE throagh 



spines are covered by epithelium, and when handled can inflict a sharp 
sting. 

SDB-OrD£B 4. ECRIKINA. 

Diademoida in which the ambulacml plates typically consist of an 
aboral and adoral primary, between which are one or more demi-platea. 
The sub-order includes a series of Echinoids, in the simplest of which the 
compound ambulacral plates consist of three primaries, and are separat«d 
from une another by free primaries. 

In the sub-order Arbaciua the plates of the test are often fixed 
hither by sockets and knobs (Fig. XXI. 2), while in some genera, such 
as Qlypticat, there is a great development of the subsidiary ornament. In 
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This aub-urder begau ii 



the Biinplest forms of the Eehinina both characten are Airtfaer developed. In 

the Chalk genem, Olyphoarphtit and Zeiiglopteuru! (Fig. XXXL), the satorea 

a.K excavated by deep hoUows,whiIe the plate* 

are thickened b^ granulea and ridge». From 

such forms as these there is a gradual tiuui- 
tion to others with deep pits, which dowel 
into the plates, as in Temnirplevnu (Fig. 
XXXII.). The transition from the diademine 
10 echinine type of ambulacral plate* is 
shown by ZiiiylopUurtii and OrtAotopA'iA In 
the former the plates consist of three fused 
primaries, separaled by free primaries. The 
middle primary is often very small, and in 
Orthcl^hui is often reduced to a demi-platv. 
The plates then have the arrangement typical 
of Echiniu. From this oligoporous plate 
the polyporous atrongylocentrotoid type is 
produced by the development of one or 
more demi-plates between the aboral and 
adoral primaries. 
;i the CreUceoiia. 
, Temnoplehridak. Echini na in whicli the compound 

mnbulacral plates ere formed of three constituents. In the oldest ami 

most primitive forms the three plates are all primaries ; in the later and 

more specialised types the middle plate is' crowded into a demi-plale 

{i.t. the plates are on the Echinoid type). There is a great development 

of super G rial ornamentation, and the plates are 

hollowed or uudermined by depressions or pits. 

Sub-Family 1. Gltphocyphinae. Temnopleuridae 

in wliich the compound ambulacral plates are com- 
posed of three primaries ; the plates are united by 

•lowelling, but there are no sntural pits. Qeuera — 

Ghjphocyphiia, Haime (syn. RhaMopleurta, Cott) ; 

XeitglopUarus, Greg.; Eihiiioa/pliuii, Cott. ; Parado:f- 

echinut, Laube ; Leioojyktit, Cott. Sdb-Familv 2. 

Ortholophinae. Tenmopleuridae in which the cum- 

pouud ambulacral plates are composed of two primai'ie)' 

and an intennediale demi-plate. The plates are united 

by dowelling, but there are no sutnral pit«. Gener.T 

— Orthnlophiis, Dnnc; Copio/ihgma, Pi-ron & Gautli. ; 

LepiiU^Uuriui, Dune. & Slad. ; {T} Trigonocidarit, A. 

Ag, ; Dictyopleurm, Dune & Slad.; Arai-hniopUi'ms, 

Dune. & Slad. (Badwcyphut, Cott). Sub-Family 3. 

Tehmopledri.vae. Temnopleuridae in which [he 

compound ambulacral plates ore composed of two 

primaries and an intermediate demi-plate. True 

Buturul pits occur, and these often undermine the 

plates (Fig. XXXII.). Genera — TeninopUunu, Ag. ; Temntchinus, 

Forbes ; Opechinue, Desor ; Pleurtchinits, Ag. ; SainuiHt, Ag. ; Salma- 




nim rihowtbc Aimplv 
i compound pUItffl 
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copni, Doderlein ; Mapilia, Desor ; Mieroeyphtu, Ag. ; AnUdypneutta, 
Ag, ; QoniopwiuUi, Dudc. ; (Tf HolopaeiitU*, Ag. ; (?) GrammwAtnu*, Duoc 
ftSlad. 

Familt 2, Triplechinidae. Echinina in which the ambulacral plates 
conaist of two primarieB and nn intermediate demi-plate. The three pain 
of pores are arraoged in arcs of triplets ; the sutural faces of all plates 
are smootli'; and there are no pits or grooves in their suhetance ; so that 
in these three respects the Triplechinidae differ from the Temnoplenridae, 
though an approach to this family is shown by OnunmnAiniw. Genera — 
Ednniu, Linn. ; Pmmmeehw,ia, Ag, ; Microptina, Cott, ; Lewpediaa, Ckitt ; 
TriipHtuiU», Ag. ( = Hifponaii) ; Stireehimit, Desor ; Glypleckinut, Lor. ; 
Hj^hinui, Desor ; Toxopnaatei, A, A-;. ; Boktia, Desor ; Eteckiwu, 
Verrill ; Ptdinnpnt, Cott. 




Family 3. Stkonoylocentbotidae. Echinina with more than three 
constituents in each ambutacral plate, the pores being in high curved 
arcs. Genera — StTongyheentTotia, Brandt ; Spkaerttkin-at, Desor ; Eehvuo- 
atrephiu. A, Ag. ; Eurypnetuta, Duncan & Sladen ; PieudoboUtia, Trosch. ; 
AeolopnevAt», Dune. & Slad. 

Fauil7 4. EcBiKOUBTRiDAE. Echinina with three or more con- 
stituents in each atuhulacral plate. The test is elongate, and the long 
axis does not coincide with the antero-poslerior axis. Genera — Echino- 
TOetra, Gray ; SUmuipneusUt, Ag. ; Htl«rocmiralus and CalobocefUTOtia, 
Brandt ; ParaiaUnia, A. Ag. The elliptical shape of the test is the most 
remarkable character in this family. The perignathic girdle is very 
powerful, each arch being surmounted by a cap (Fig. XIII. 4). The 
spines are large and very varied in form. In Helerocmtrottu the 
secondary spines form a for below the primary spines (Fig. XXXIII.) ; 
in ColoboeenlTotut the spines are stout and end in Hnt surfaces ; they 
are so crowded together ns to form a natural aruiour-plat« (Fig. 
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XXXIV.). The Bpines of the Triasak genus, Aixauladdni 
a aimilar arran^'einent. 
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Elchiiioidea in which the a 
Q the posterior interradius. 



Irrequlahia, Desor 

iia lies outside the apical system of plates 



Obdbb 1. anathostomata, Zitlel. 

Echtnoidea Irregularia with a central peristoioe eurrounded by a 
perignftthic girdle ; jaws present, but aometimes rudimentary. Ambu- 
lacra all similar. 

This is the liret of the two orders of Irregular Echinuidea, and 
differa from the other order — the Spatangoida — by the presence of a 
perignathic girdle and jaws. Ah in the Regular Eoliinoids, there is a, 
marked tendency for the antis to pass backward out of the apical 
plates. In Pijgattfr the peristome is much like that of SUrnieckinia, 
and the amhulacral plates are sometimes compound ; the jaws are fragile, 
but otherwise normal. The only 
character that excludes the genua 
from the Diademoida is that 
the anus opens outside the apical 
plates {Fig. XXXV. 1). Pygaiter ie 
thus the nearest form we know 
lo the ancestor of all the Clype- 
astroid and Spatangoid sea-urchins. 

The order Gnathostomata in- 
cludes three main series. The first 
was typically Mesozoic, and was 
characterised by the reduction in 
the functional importance of the 
jaws, and the formation of the 
perignathic girdle into a high tubu- 
lar peristome. From this series 
branches diverged in opposite 
directions. In one the jawa dia- 

appearad and the perignathic girdle 

became rudimentary ; . while the 

amhulacral plates remained as in Pygaxter. This branch culminated in 
the aberrant group of the Galeritidde. Later on a second branch was 
given off ; in this the jawa became of greater power ; the ambulacra 
became complex, parts of them expanding into petala, the podia of which 
act as branchiae. The Gnatho8t«roata may accordingly be divided into 
two sub-orders. 

SoB-ObDBB 1. HOLECTYPMA. 

Gnathostomata in which the jaws are reduced in size and strength. 
In the most primitive members the jawa are arranged as in the 
Diademoida ; but in later forms they are inside a tubular perignathic 
girdle. The jaws do not work on sockets. 







. ; Ollgocene 
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This sub-order is difficult \jq characterise, as it includes the primitive 
Irregular Echinoids, as well as one series of these forms which has 
continued to the present day. 

Family 1. Ptoasteridae. Holectypina in which the peristome is 
large, and the perignathic girdle consists of disconnected processes. 
The ambulacra are simple and apetaloid. Qenera — Pygaster, Ag. 
(Fig. XXXV. 1) ; PiUuSy Desor ; PygoHrtdeSy Lov^n ; Holectypus, Desor ; 
(?) Pdchyclypeusy Desor; Galerojpygus, Cott. Family 2. Discoidiidae. 
Holect3rpina in which the peristome is small and the perignathic girdle 
tubular. Jaws unknown. Ambulacra apetaloid. Genera — Discoidea^ 
Gray ; Protocyamus,^ nom. nov. Family 3. Galeritidae. Holectypina 
in which the perignathic girdle is rudimentary, jaws are absent, and 
their place taken by ten buccal plates. Genera — GaleriUs, Lamk 
(Fig. XXXV. 3) ; Lanieria, Dune. ; Adelopruust^, Gauth. ; (?) Capto- 
discusy Cott. & Gauth. Family 4. Conoclypeidae. Holectypina in 
which the peristome is small ; the perignathic girdle tubular and high, 
surrounded by five bourrelets. Genera — ConoclypeuSy Ag. ; OvidypeiUy 
Dames. 

Sub-Order 2. Clypeastrina. 

Gnathostomata in which the jaws are powerful. The teeth are 
placed in pyramids, which articulate by a socket fitting on to vertical 
processes ; the jaws only move horizontally, and have neither braces nor 
compasses (p. 289). The ambulacra are petaloid. 

This sub -order includes a series of striking variations from the 
ordinary Echinoid type. Echinocyamus is the most primitive form, and 
appears to have developed from an ancestor closely allied to Protocyamiis, 
The great advance in Echinocyamxis is the expansion of parts of the 
ambulacra into rudimentary petals (Fig. XXXVI.) ; in the upper part 
of the ambulacra the outer pores of the pore-pairs have increased to small 
slits, and occur along curved lines, enclosing somewhat leaf-shaped areas. 
Beyond these only a single pore occurs in each ambulacral plate. The 
perignathic girdle of Echinocyamus consists of five vertical pegs, rising 
from the interradial peristomial plates ; this reminds us of GaUriieSy in 
which the perignathic girdle is reduced to five interradial thickenings. 
The structural differences between Protocyamus and Echinocyamus are 
small, and their importance is exaggerated by the different shape of the tests. 
But Echinocyamus was succeeded by a very divergent series. Most of the 
members of the group are long, broad, and low ; some are thin and flat. 
In these cases the upper surface regains the support it loses owing to 
departure from the dome-shaped form, by the development of pillars which 
pass from floor to roof. The ambulacra in the typical forms are petaloid, 
and the podia in these areas expand to act as branchiae (Fig. XXXVI.). In 
some cases pores only occur in the petals ; in others they are scattered over 
the test, occurring on both radial and interradial plates. In some genera, 
such as Laganum^ though the petaloid portions of the ambulacra are broad, 

^ A name suggested in lieu of EchiniUs proposed by Duncan, but preoccupied by 
Leske for Echinoids, and by Mliller and Troscbel for Asteroidea ; the name is selected 
to indicate the aflinity of this echinoid with the Echinocyamus series. 
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they an narrower than the aiubukcral platea in the extra- petaloid portions 
which expand laterally, and are much broader thau the interambulacra. 
In the aimplest members of tbis group the interambulacra are, however, 
"continuouB" from apical syBtem to peristome (as in La^anwm) ; but in 
the more advanced, Buch aa ifotufo, the interambulacra are " discontinuaua," 
the ambulacra meeting one another and cutting off the interambulacral 
periBtomial plate from its connection with the rest of the interambalacrum. 
Another feature peculiar to this aub-order is the presence of a Beriu of 
furrows on the lower surface of the test ; these are known as the actinal 
furrows, and they are either straight, as in the Clypeaatridae, or bifurcating, 
as in the Scutellidae. 

F&MILV 1. FiBUi/ABiiDAE. Clypeastrina with ambulacra in rudi- 
mentary open petals. The interambulacral plat«s are continuous. The 
pUlara are slightly developed. The perignathic girdle consists of five 

;225 





Fi>i. XXXVII. 
-urfKca nhDwlnii Hiiu|)1« pgUU Mid 



i^y^BaUf- inDiilh knci Uw poatarlor bonier. 

single interradial processes. The peristoniial interrudial plat« is lai^. 
Oenera — EcAinoeiiamtu, Phelsum (Fig. XXXTII.) ; SeiiUllitia, Ag. ; 8it- 
mondia, Desor; Fibalaria, Lam. ; Tlifganler, Pome). 

Family 2. Laqanidab. Clypeastrina with ambulacra petaloid ; 
numerous pores for prehensile podia occur in addition to the large pores 
for the respiratory podia. The interambulacral plates are "continuous"; 
the peristomial plate is medium in size and bears a single perignathic 
process. The actinal furrows are simple and straight. Genus — Laganmn, 

Fauily 3. ScOTELLiDAE. Flat Clypeastrina with closed petaloid 
ambulacra. The interambulacral plates are " discontinuous " in some or 
all of the areas : the periBtomial plate is large and bean a single peri- 
gnathic pro<M3es. The actinal furrows are bifurcating. Genera — ScuUUa, 
Lam. (Fig. XXXV. 4) ; Eckiimrachniiu, Leske ; EcMnoditcm, Ag.; EJtcope, 
Ag.j MonopKoru, Ag.; Mellitiif Ag. ; MeliUUa, Duac. ; Aitrichffieu*,'Virri]li 
LmiUt, Desor ; Mortonia, Desor ; Rotula, Ag. (Fig. IX.) j Rotuloidta, 
Etheridge ; Mouiituia, Ag. ; (1) Runa, Ag. The most striking feature in 
this family is the extreme thinness and flatness of the teats. In some 
species, such as Scaletta atriatulot the test may be 1 00 mm. in diameter, 
and only 10 mm. in height. The upper surface accordingly needs greater 
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support than it could obtain from the margin of the test ; this is given by 
numerous pillars which connect the upper and lower walls. The external 
margin is often notched, as in Scutella ; the notches may deepen into 
" slits " separated by finger-shaped processes, as in Rotula (Fig. IX.). In 
some genera two adjacent processes unite at their free ends, and a hole 
is left through the test ; such holes are known as " lunules," and occur in 
Mellita, Mcmojphora^ etc. All the interambulacral areas are discontinuous 
in some genera, e,g. Encope, but in Rotula and Mellita one or two of the 
areas may be continuous from peristome to apex. 

Family 4. Clypeastridae. Clypeastrina with closed petaloid 
ambulacra. The interambulacral plates are discontinuous; the peri- 
stomial plate is small There are two perignathic processes in each 
area, and they are ambulacral in position. The actinal furrows are 
straight. Sub- Family 1. Clypeastrinae. Massive Clyi)eastridae with 
closed petals; usually high. Genera — Clypeader, Lam.; Eckinanthus^ 
Leske ( = Diplothecanthtts, Dune) ; Pledanthtut^ Dune ; Anomalanthus, 
Bell; Monostychia, Laube. Sub-Family 2. Arachnoidinae. Flat, low 
Clypeastridae with open petals. Genera — Arachnoides, Ag. ; Alexandria, 
Pfeffer. These genera are usually included as a sub -family of 
Scutellidae, which they resemble in external form. Their structure, 
however, allies them more nearly with the Clypeasters, with w-hich they 
agree in all fundamental characters. They differ from the Scutellidae 
by having (1) a very small peristomial interambulacral plate, which in 
some species may be absent in several areas ; (2) straight, simple, actinal 
furrows ; (3) five pairs of ambulacral perignathic processes. 



Order 2. Atelostomata, Zittel. 

Echinoidea Irregularia, in which there are no jaws, teeth, perignathic 
girdle, or external branchiae. 

The Atelostomata introduce three additional structures, upon which 
the classification within the order depends. These are the sternum, 
floscelle, and fasciole. In Echinoids previously considered the mouth is 
central or sub-central, and the five areas around it are of equal import- 
ance; but as the mouth becomes eccentric in position, one interradins 
necessarily becomes longer than the rest The anus is situated in this 
interradius, which requires some modification of the plates for the sake of 
increased strength. In the simplest of the Atelostomata the plates of the 
posterior interradius are but slightly different from those of the other areas 
but the plates are larger, and dovetail more deeply into one another. 
In Oollyrites there is a slight advance on this plan, and in genera such as 
Echinocorys and Holaster the plates dovetail so deeply as to form a strong 
sternum along the under side of the test . This type is known as the 
" meridosternous " (Fig. XXXVIII. 1). In the next stage the first pair of 
plates in the interambulacrum increase in length, and both are in contact 
with the peristomial plate of the same area, as in Toxaster (Fig. XXXVIII. 2). 
This is the **amphistemous" type, the extreme form of which we see in 
Spatangus purpureus (Fig. XXXVIII. 4). 
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We have seen that the upper parts of the ambulacra of Otypaiater, etc, 
are modified into petals. In one section of the At«lostomata there is an 
analogous expansion of the ambulacra round the peristome into " floscelles." 




1. xxxviu. 



The peristomial interanibulacral platea are raised into projecting ridges 
known aa " bourrelets " i while the ambulacra are eKjmiided into leaf-shaped 
areas known as "phyllodes," The pore-pairs of the phyllodes are much 
larger than those of the rest of the ambulacrum. The five bourrelets 
and five phyllodea together fonn the floscetle, which is typical of the 
Cassidulidae. 

Among the Atelostomata larf^'e .=pines like those of Cidaris are never 
found. The spines are very 

numerous and generally small, ^ ^ 

forming a fur over 
In some cases specially modi- 
fied spines occur crowded 
together along bands (Figs. 
XXXIX.-XLI.), forming "fas- 
cioles." There are five dif- 
ferent varieties : (1) The 
" peripetalouB," which encloses 
the petaloid portions of the 
ambulacra ; (2) the " subanal " ^ 

(«/in Fig. XXXVIII. 4), which 
encloses a space, or "plastron," below the a 

the border of the test ; (4) the " internal," which crosses the petaloid 
portions of the ambulacra ; and (5) the two "lateral," which run from 
the peripetalous to below the anus. All five kinds of faacioles i 
occur together in the same Echinoid. 




; (3) the "marginal," along 
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The Ateloatomata include two main divuioiu, which develop aloog 
somewhat parallel lines. 




)ii inrt nrifiit of Hm.n,iwtaAri. (After 
SuB-OBL)KB J. ASTEHNATA. 

AtelosUiuiata witli the peristome central and never bilabiate ; the 
ambulaaa aimple, eub-pctaloid, or petaloid, and geaerally all five are 
similar. Floscelle generally pi'CsenL No ateraiun. 

Family 1. EchinokEidak. Asternata with narrow, apetuloid, similar 
ambulacra, and without Boscelle. Genera — Edimonevt, Van Phelsum ; 
Gofcroc/jipMW, Cott ; (Jaferopyswa, Cott. ; Hyboctypau, Ay. ; Infradypevt. 




Qauth. ; NucUopygas, Ag. ; FUmti, Desor ; Packijclypeui, Deaor ; Fyrina, 
DesmoulinH* 

Familt 2. NucLEOUTiDAE. Asternala with sub-petaloid ambulacra 
and no floecelle. Genera — Amblypygua, Ag. ; Anoehanvi, Grube ; Anor- 
thopt/gvj, Cott ; Bofrtopi^iis, d'Orb. ; Caraiomvt, Ag. ; (1) DaoreUa, Cott ; 
Haimea, Michelia ; Ilaruma, Dames ; Nucltolitu, Lam. (sj-n. Eehinobrunu) ; 
Olijopodia, Dune. ; Oligi^pygiu, hov. ; Pygaulus, K%. ; Trenwttipj^fiu, d'Orb. 



THE ECHINOIDEA 321 



Family 3. Cassidulidab. Asternata with closed, petaloid ambulacra ; 
a floficelle is present Sub-Family 1. Clypeina. Genera — Clypeus^ Leske; 
Clypeopygua and Faujasia, d'Orb. ; Pseudodesorella, Etallon ; Pygurostoma, 
Cott & Gauth. ; Pygurtu, Ag. Sub-Family 2. Cassidulinae. Genera — 
AtutrcUanthuSj Bittner ; Breynella, Greg. ; Cassidulus, Lam. ; Eurhodia, 
Archiac & Haime ; Paralampcts, Dune & Slad. ; Pygorhynchus, Ag. ; 
BhynchopyguSy d'Orb. ; Sttgmatopygus, d'Orb. Sub- Family 3. Cato- 
PYOINAE. Genera — CatopyguSy Ag. (Fig. XVI. 8) ; NeocatopyguSy Dune 
& Slad. ; Phyllobrt88U8, Cott ; Pseudocatopygusy Cott. & Gauth. ; Stu- 
deria, Dune. Sub- Family 4. Eohinolampixae. Genera — CanolampaSy 
A. Ag. ; EchinolampaSy Gray ; HeterodypeuSy Cott ; Microlampcu, Cott ; 
OraterolampcUy Cott ; MUUtiay Dune. ; NeolampaSy A. Ag. ; Oriolampas, 
Munier-Chalmas ; PalaeolampaSy Bell ; PhylloclypeuSy Lor. ; PledolampaSy 
Dune. & Slad. ; Vologesioy Cott & Gauth. Sub- Family 5. Eolam- 
PINAE. Genera — Archiacia, Ag. ; Asterostomay Ag. ; Claviastery d'Orb. ; 
EolampaSy Dune & Slad. 

Sub-Order 2. Sternata. 

Atelostomata with the peristome eccentric anteriorly (usually bilabiate). 
No floscelle ; anterior ambulacrum different from the rest A sternum is 
present Fascioles sometimes present 

Family 1. Collyritidae. Stemata without floscelle. There is a 
rudimentary meridosternum. The anterior ambulacrum is narrower 
than the others. Apical system disjunct ; the three anterior ambulacra 
grouped together as the "trivium,*' and the two postero- lateral am- 
bulacra as the "bivium." There are no fascioles. Genera — CollyrUes, 
Desmoulins ; DysasUry Ag. (Fig. XVI. 6) ; Grcuna and (?) MdaporhinuSy 
Michelin ; PygorhytiSy Pomel. Owing to the disjunct apical system, this 
family has completely lost the radial symmetry, and presents some 
remarkable resemblances to the Pourtalesiidae. It appears, however, 
probable that while the Collyritidae have descended from some primitive 
astemate form allied to HyboclypuBy the Pourtalesiidae are degenerate 
forms of Prymnodesmian Stemata. 

Family 2. Eghinocorythidab. Meridostemous, labiate Stemata, with 
an elongate apical system, and the ambulacra separated into a bivium 
and trivium. Fascioles present in some genera. Genera — Calymney 
Wy V. Thoms. ; Cardicutery Forbes ; Coraster, Cott ; CystechinuSy A. Ag. ; 
EchinocorySy Leske (syn. AnanchyteSy Lam., Fig. XXXV. 2) ; Enallo- 
pneusteSy Pomel ; Enichadery Lor. ; EnUymastery Gauth. ; Gateastety Seunes ; 
Chiettariay Gauth. ; Hagenoviay Dune ; HemipneusteSy Ag. ; HoUutery Ag. 
(sub -gen. Stemotaxisy Lamb.); Infulcuter, Hagenow; Jeroniay Seunes; 
LampadasteTy Cott. ; Offastery Desor ; Oolastery Laube ; OvulasteTy Cott ; 
StegasteTy Pomel ; Stenoniay Desor ; Tholastery Seunes ; UrechinuSy A. Ag. 

Family 3. Spatangidae. Stemata with anterior ambulacrum re- 
duced ; apical system compact ; sternum either amphistemous or merido- 
stemous. Section 1. Adetinae. Spatangidae without fascioles. Genera — 
ArchaeopneusteSy Greg. ; ClypearUhiUy Cott ; Echinocrqnsy A. Ag. ; EnalUutery 
d'Orb. (Fig. XVI. 7) ; Epiastery d'Orb. ; Genicopatagusy A. Ag. ; HemipaiagiUy 
Desor; HeterolampaSy Cott; Isastery Desor ; Macrcutery Roem. ; (?) Megalastery 

21 
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Dune ; PaZii«ofrriHU«, A. Ag. ; Pataeopneuita, A. Ag. ; FlatybriMtat, Grnbe ; 
Spatagocyait, A. Ag, ; Toxa*ter, Ag. Sbctiox 2. Pbtukaditinas, Spa- 




enlaiUT FKilippti, wllta you 



flupli. (After WyviLle Thomaon.) 



tangidoe with faacioles, but ao eubanal fasciole. Geners — Abatut, Desor ; 
Acalt and Atrope, Wy\. Thorns. ; Agauisia, Valentin ; Briuoput, Ag. 
<Fig. XLII.); Coraatr, Cott; DipMMta, Cott ; Foonna, Gr»y ; Htmi- 
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oiUr, Desor {Fig. XLIll.) ; HorMeaOtr and Hypiotpatagm, Pomel ; 
Iranintter, Cott & Gauth. ; LambertvuUr, Qautk ; Lintkia, Merian ; 
Moira, A. Ag. ; MoirojuU, A. Ag. ; Omithatter, Cott, ; Periaimitu, 
Ag. ; J'renaster, Deaor ; Schiioster, Ag. Sbction 3. Pryuhodesuihab. 
Spatongidae with subanal fawiole. Genera — Argopatagut, A. Ag. 
Brisiopatagiu, CotL ; Briuw, Leake ; Sreifnui, Desor ; Cwnobriestu, A. Ag. 
CfcirfecAiKUii, Lor. ; (Jycimfer, Cott ; £'rAinocanjiunt, Oray ; Eupaiagtu, Ag. 
6au2ft«n'ii, Desor ; GibbatUr, Qauth. ; ^omo^mpfu, A- Ag. ; IiopneuOa, 
Pomel; Linopneuita, A. Ag,; Lotxnia, Ag. & Desor; LindtofiKoriu, 
Dames ; Macrapneunta, Ag. ; MarAia, Meoma, and Mdalia, Gray ; Mt- 
fi-(wi(T, A^ J Naeotpataiigiu, A. Ag. ; ATwpnewtef, Dune ; PofaeofropiM, 




Kio. XL IV. 



Lovi^n ; P\igBtyaUmgu», Cott. ; MkiwAriaiat, A. Ag. ; SarKtla, Poniel ; 
.S/julanjonwrpfto, Bohm ; Spatangut, Leake (Figs. XLIV, XLV.) ; Stoma- 
}ivTiu, CotL ; TxAtnaUr, Peron & Gauthier. 

Family 4. Palaeostomidae. Sturnata with a pentagonal, alabiate 
]>eristoine, provided with five buccal plates ; a peripetalous fasciola. 
Genua— Pii^MwIonui, Lovi:ii (Leskia, Gray). 

Family S. Poubtalesiidae. Sternata with apetaloua, flush ambulacra. 
I'eristome in a deep anterior recess. Form elongate ; flat or oral sur&ce. 
The ambulacral plates are uuiporous (Fig. XLVL). This family includes 
I>crhaps the three most perplexing of recent Echinoida ; but owing to the 
extreme fragility of the t^sts their study is difficult, and owing to their 
threat variability the classification is at present unsatisfactory. The typical 
genus PoariaUiia is the subject of an elaborate memoir by Lovdn (68). It 
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haa ft diBconnected apical ayatem, the poBtero-lateral interambulacra meet- 
ing across it In thia and some other respects it resembles C<AXyriU» ; but 
it has a sub-anal fascicle, and is probably to be regarded aa a degenerate 
Spatangid rather thaa a direct descendant of the Mesozoic Collyritidae. 




rt Urcliiu(^juluuir">J 



The second genus Spalagoct/itit agrees vrith PoartaUtia in the disroption 
of the apical sjstem, but it lias no fasciole. The third genus Echinotrtpu 
also has no fasciole, but the apical nystem is compact 




"We are now in a position to discuss briefly, first, the relations 
of the Echinoidea to the other classes of Echinoderma, and 
secondly, the lines of evolution within the class itself. (Compare 
Chapter VIII. pp. 17,33.) 
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Each of the main groups of Echinoderma has been at one time 
regarded as the ancestor or nearest ally of the Echinoide, and the 
question is still highly conjectural. Embryology gives very little 
assistance. Study of the development of a young Echinothurid, 
Echirwcyamus, or Hemiaater (Fig. XLVII.) teaches important lessons 
as to the affinities between those forms and other Echinoids. It 
shows that the young Echinothurid resembles the Diademoida, 
and that the young Hemiaster is endocycHc, But the earlier larval 
stages have been so affected 
by secondary variations 
that they give no satis- 
factory information as to 
whether the Echinoids are 
nearest to the Cystids, 
Crinoids, Holothurians, or 
Stelleroids. 

The Crinoids are so 
unlike the Echinoids in ap- 
pearance and structure, 
that we know of no form 
that appears to link the 
two classes. Neverthe- 
less, the Echinoidea have been regarded as descended from a 
Crinoid-like ancestor. The acquirement of a radial symmetry 
was unquestionably the most important event in the develop- 
ment of the ancestral Echinodcrm ; it is easiest to explain this 
as the result of fixation, and therefore the fixed, stalked forms 
have been claimed as the ancestors of the free forms. It is further 
argued that this conclusion is supported by the occurrence on the 
abactinal side of some Echinoids and Stelleroids of a series of plates 
known as the apical system. This system includes a central plate 
surrounded by two circles of plates. The theory has been urged, 
especially by the late P. H. Carpenter and by W. P. Sladen, that 
the plates of this apical system are homologous with those of the 
calyx of the Pelmatozoa, and are to be regarded as relics from a 
period when these plates were of great functional importance. 
Unfortunately for this view, however, the calycinal or apical plates 
are either absent or unimportant in the oldest Echinoids and 
Asteroids ; and it is in later groups, such as the Saleniidae and 
Cidaridae, that the plates are developed on the supposed ancestral 
plan. Moreover, instead of Tiarechimts — in which the apical plates 
are most important — being ancestral, it is almost certainly an 
aberrant, and somewhat degenerate offshoot. 

The last blow to the idea of the apical plates of Echinoids 
being homologous with the calyx plates of Crinoids, has been 
given by MacBride, who, on embryological grounds, urges that 
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therabactinal poles of Asteroids and Grinoids, on which these plates 
develop, have nothing to do with one another. MacBride recognises 
the influence of fixation on the anatomy of Starfish and Echinoids, 
but maintains that such fixation was by the actinal surface in 
these two classes, whereas in Crinoids it was by the abactinal 
surface. (See, however, Chapter VIII. p. 14.) 

The question as to which of the groups of organs first acquired 
the radial character is of great importance in connection with the 
origin of the Echinoderma. The Sarasins, who made a detailed 
study of the Echinothuridae, were much impressed with the 
importance of the radial muscles, and suggested that it was the 
muscles that first became pentamerous. There are many striking 
points of resemblance between such a form as Asihenosoma and the 
Holothurians. The Sarasins therefore ridiculed the supposed Crinoid 
ancestor as a " Crinoid phantom," and derived the Echinoidea from 
the Holothurians. This argument is based on the idea that the 
primitive characters of the Echinothuridae are due to inheritance 
from the ancestral Echinoid. But it appears most probable that 
the Echinothuridae arose from the Diademoid Pedirm, or from 
some close ally of that genus. The primitive characters of the 
Echinothuridae are therefore secondarily acquired, and are not 
original. The immediate ancestor of the family lived in the 
Jurassic, and not in the Palaeozoic seas. To accept this con- 
clusion means to abandon the derivation of the Echinoids from the 
Holothurians. 

Leuckart, in 1848, separated the Echinoderma into the three 
groups of the Pelmatozoa, Echinozoa, and Scytodermata, and this 
classification is still generally used in practice. In the two latest 
arrangements of the Echinoderma, those of Bell and Haeckel, the 
Echinoids are still grouped with the Stelleroids. They undoubtedly 
agree in several important characters, the members of both classes 
having the gonads pentamerous, the oral surface kept downward, 
and power of locomotion. 

The class Stelleroidea is older than that of the Echinoidea, but 
we know of no member of the former that can be regarded as the 
ancestor of the latter. 

The evidence in favour of the origin of Echinoids from Cystids 
or allied forms is more weighty. Neumayr advocated this view 
(64, 65), and it has recently received fresh support from Haeckel 
(36 on p. 213). Neumayr included Echin/ocystis in the Cystidea. 
The genus is, however, here included among the Echinoids. The 
uncertainty as to its position shows that there is an approximation 
between the two classes. We are, therefore, forced to the position 
that one group ^ of primitive Pelmatozoa diverged from the main 
stem and approximated to the Echinoids ; and that it was succeeded 

^ Separated iii Chapter XIT. as a Class — Edrioasteroidea. 
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by Echinoids so similar in structure that it is hard to draw a satis- 
factory line of separation. 

Although the ancestral Echinoid is still unknown, the main 
lines of evolution in the class are clearly recognisable. The 
Echinoids began with forms having small, sac-like bodies, and a 
mouth and anus at opposite poles; the body was muscular, 
supported by a series of angular plates, of which five pairs were 
perforated by pores. At the summit of the test occurred the 
apertures of the alimentary, generative, and water - vascular 
systems ; and the apertures of these systems were supported and 
held in place by a series of special plates. 

At first the palaeontological record is incomplete, the plates of 
the test being thin, fragile, and loosely fitted together. Hence 
there is a gap between the Echinoid just described and its next 
known successors, in which the interradial plates are irregular, 
and the apical system of plates is absent. But as the skeleton 
thickens, fossils become more abundant and better preserved. 
We can see the increase in the number of interambulacral 
and of ambulacral plates up to forms such as Melanites. Then, 
as the plates became stouter, the flexibility of the test was 
lost; thus the advantage of having small, niunerous plates was 
lost. Hence the Echinoids with more than twenty rows of plates 
disappeared, and were succeeded by a group, the main feature of 
which was the consolidation of the test. About the same time 
there appeared an offshoot from the main stem, in which the test 
was strengthened by a great development of the apical system ; 
this arrangement reached its highest development in two aberrant 
genera {Tiarechinus and Lysechinus) which lived in the Triassic 
coral lagoons of the Tyrol. The Melonitoida and Plesiocidaroida 
apparently left no issue, and all existing and post-Triassic Echinoids 
appear to have descended from the primitive genera of Gidaroida. 

From Cidaris, with its ambulacra of simple primary plates, the 
more complex types were developed by the crowding of the pore- 
pairs, and the decrease in size and increase in number of the 
spines ; hence the ambulacral plates become compound, and the 
interambulacral plates bore numerous tubercles and granules, and 
thus gave rise to the various groups of Regular Echinoidea. In 
some deep-sea forms the calcification of the external skeleton is 
imperfect; the plates are thin and the muscles strong; by the 
imbrication and isolation of the plates there is a return to some of 
the features of the flexible Palaeozoic Echinoids. 

The main departure from the type of regular Echinoids is 
due to the backward movement of the anus interfering with 
the originally quinqueradiate arrangement of the organs (Fig. 
XL VI.). The mouth passes forward, the jaws disappear, the 
ambulacral podia become specialised for respiration as well as 
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locomotion, the apical system of plates becomes compact, elongate, 
disjunct, or rudimentary, and a bilateral symmetry replaces the 
primitive, pentameral symmetry. At first the jaws are retained ; 
but as the body becomes bilateral, the mouth is constricted, and 
room for play of the jaws is lessened. No doubt all Echinoids get 
a proportion of nourishment from the mud and sand which they 
swallow ; but as their jaws become smaller, and they can browse 
less effectively, the importance of this food-supply becomes more 
important. The development of a projecting under lip below the 
mouth was an advantage to the Echinoid, by enabling it to swallow 
more food. Hence the Irregular Echinoids began with teeth and a 
central mouth — a type first met with in the lower Jurassic ; later 
on, in the Jurassic, came the second type, in which there are no 
jaws and the mouth is eccentric ; the former is the order Gnatho- 
stomata, and the latter the order Atelostomata. The Gnathostomata 
began in the Jurassic with the genus Pygaster^ which differs from 
the regular ectobranchiate Echinoids only by the anus opening 
behind the apical system ; the Pygastridae were succeeded in the 
Cretaceous by the Discoidiidae, from one genus of which, Proto- 
cyamuSj there is an easy passage to the Fibulariidae, and thus to 
the sub-order Clypeastrina. 

The order Atelostomata has apparently also been derived from 
a genus allied to Pygaster, The jaws are lost, and the apical 
system either remains compact or becomes elongate : the former 
series possibly began with GaleropyguSy whence the rest of the 
astemate forms were derived. The series with elongate apical 
systems began with some such genus as HybodypeuSf which led the 
way to the Collyritidae and Echinocorythidae, whence the higher 
Spatangid Echinoids descended. 
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Abacocrinu&, 165 
abactinal skeletal elements, 

109 
Abatus, 322 
aboral circular sinus (Oph.), 

266 
AhracTin^is^ 166 
AbrotocrinuSy 180 
Acacocrinus, 166 
Acantharchaster^ 251 
Acanthasterj 258 
Acanthechinus, 309 
AcanthocrimiSj 201 
Acanthoct/stis, 46 
acanthosphenote, 287 
AcanthotrochuSt 234 
accessory intestine, 27 

— plates (Ast.), 246 
Acentrotreiiiitea^ 90, 92 
Aceste, 322 
Achlyonice, 229 
Achradocrinusy 178 
Achradoajsiisy 55 
Acrochordocrimts, 192 
Acrocularis, 307 
AcrocrinuSf 159 
ylcrosa/«WMf, 806 
AcrourOj 278 

actinal furrows (£ch.), 317 

— skeletal elements, 109 
ActinocrinitSy 169 
ActinocucumiSy 230 
actinogouidial, 237 
actino-lateral spines, 256 
Actinometraf 196 
Actinophi/vut, 310 
Actinopoda, 227 
actinostomial ring (Ast.), 

241 
Actinozoa (Leuckart), 33 
adambulacral. 20 

— mouth, 247 
adambulacrals (Crin. ), 115 ; 

(Ast.), 241 ; (Oph.), 270 
Addocrinus, 201 



AddopiicmteSy 316 
Adetinae, 321 
adetopueustic, 254 
adradii, 20 
Aduuata, 155 
AeolopuetufUSj 313 
AUrope, 322 
Aesiocnniis, 180 
AesUtcystiSy 208 
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Aetitesy 53 
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AgaricocrinuSy 167 
Agassiz, A., 240, 285 
Agassiz, L., 240, 260, 261, 

284 
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AgelacysiiSy 207 
Agdadisai^y 208 
Agriocrinus^ 156 
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Alcxandridj 318 
Allagecriniuty 151 
AUi&nia, 201 
AUocrinvSy 162 
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AlloprosaUocrinu^y 167 
AmhlacrinuSy 156 
AmblypneiisteSy 313 
Amblypygusy 320 
ambulacra, 2, 15 ; (Blast.), 

78 ; (Ech.), 286 
ambulacralia, ambulacrals 

(Crin.), 100, 115; (Ast.), 

241; (Ech.), 288, 296 
ambulacral mouth, 247 
amnion (Ech.), 15 
amoebocytes, 22 
Amorphocyatisy 55 
AmphtristocrintiSy 173 
Amphiaster, 254 



Aviphiglypha^ 278 
AmphUepiSy 278 
AmphipholiSy 278 
amphistemous, 318 
AmphiurOy 278 
Amphortty 169 
Amphoracrinus, 170 
Amplwracystisy 47 
Amphoridea, 43 
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(Ech.), 294 

— spiracle, 85 
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AnanchyteSy 321 
^>wj:><a, 234 
AiMsteriaSy 258 
AnaulocidariSy 314 
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AnomalocriniiSy 146 
Anomalocystisy 51 
AnortJutpyguay 320 
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— system (Crin.), 112 ; 
(Oph.), 268 ; (Ech.), 286, 
294. See also calyciual 

Apiocrinvay 191 
ApiocyatUy 61 
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Apneumona, 226 

Apodes, 226 

Aporita, 69 

Aporocrinxis^ 201 

Apostolides, N. C, 261 

Arachniopleunis, 312 

Ara4:hnocriniis, 175 

Arachiiocysti^, 54 

Arachnoules. 318 

ArbuciOn, 308 

Arbacina, 307 

arcade -like spaces (Ast.), 
248 

Ardtaeocidaris, 302 

ArchoMcrinus, 200 

Archaeodiadeniaf 308 

Archaeop7ieusteSj 821 

Archaster, 251 

Archasterias^ 250 

ArdiegocystiSy 73 

ArcJiiaciay 321 

Argastery 250 

ArgopcUaguSy 323 

Aristocrinusy 190 

Arlstocyslisy 44 

Aristotle, 218, 283 

arm (Criii.)i 112 ; (Ast.), 
241 ; (Oph.), 262, 267, 
270. See also brachia 

— facet, 100 

— pores, 130 
Arthracantha^ 158 
Arthraster^ 255 
article basal, 108 
articles brachiaux, 204 
Articulata (Bather), 178 ; 

(Jaekel), 141 ; (Miller), 

138; (MuUer), 138; (W. 

& Sp.), 139 
articulation (Crin.), 108 
Articulosa (Jaekel), 141 ; 

(\V. & Sp.) 140 
Ascidiastella, 218 
Ascocystisy 77 
AspUiA>crinvsy 201 
AspUlodiadenw^ 308 
Aspidosotfutj 250 
Aspiduray 278 
AsteriUy 201 
Asteriasy 201, 258 

— ruhensy 241 
AsteriatUeSy 201 
Asterid plane, 21 
Asteriruiy 254 
Asternata, 320 
AateroblastuSy 80 
Asterocrimcs (Lyon), 159 

— (Munst.), 201 
AsterocystiSy 80 
Asterodiscus, 254 



Asierodotiy 253 
Asteroidea, 239 ; diag- 
nosed, 248 
Asteropsis (C!ott.), 309 

— (M. & T.), 254 
Asterostmnay 321 
AsUienosomOy 311 
AstreUuy 252 
AatriciyiteuSy 317 
yls^rtoj*, 202 
AstroceraSy 276 
Astrocheky 276 
Astrocniday 276 
Astroanna^ 202 
AstrocrhuLs (Austin), 91 

— (Ck)nr.), 161 

— (Cunib.), 202 
Astrocystite^y 209 
AstrudoUy 276 
AstrogomphuSy 276 
AstrogoniuHiy 253 
AstroHyXj 276 
Astropecteuy 252 
Astrophytan, 276 
AstropodUiy 202 
Astroporpa, 276 
AstropygUy 310 
Aslroschemay 276 
Astrotoinay 276 
AstylocrinuSy 181 
AtaxocrinuSy 146 
Atelecrinus, 195 
AtdecystUy 51 
AtelestocriniiSy 179 
Atclostomata, 318 
At»crniiiSy 202 
AuhicrinHSy 180 
AuriciUariay 5, 225 
.1 Ms^ im>crinu8y 183 
Austral anthusy 321 
axial canal, 101 

— cord, 12, 103 

— organ, 23 ; (Ech.), 291 

— sinus, 22 ; (Crin.), 103 ; 
(Ast.) 243 ; (Oph.), 266 

axillare, axillary, 114 
Ayers, H., 32 
azygos plates, 204 

JiactrocriiiuSy 173 
BaculucystiSy 46 
BacrocrinuSy 145 
BaUttwcrinus (Ag.), 182 

— (Troost), 202 
IkUanocyatiSy 77 
Barrande, J., 44, 48 
BarrandcocrinvSy 166 
BarycriniiSy 179 

basalia, basals (Crin.), 99, 
122 ; (Ast.). 246 ; 
(Ech.), 294 ; (Oph.), 268 



Bathybiaster, 252 
Bathycrintu, 186 
Bathyplotesy 227 
Batocrinus, 167 
BatueriUy 806 
Baur, A., 218 
Baur's vesicles, 32 
BdelictcomOy 254 
BeUmnocriniis, 152 
Bdeniiiocyslisy 51 
Bell, F. J., 261, 285, 326 
Belon, P., 218 
Benihasterf 257 
Benthodytesy 229 
Benihopecteny 251 
BeyrichocrinuSy 168 
bifa.scial articulation, 117 
Bipinnaria, 5, 248 
biscuit spicules (HoL), 224 
biserial arms, 115 
bivium, 11 ; (Hoi.), 220 ; 

(Ech.), 296 
Blainville, H. D. de, 240, 

260 
BluirocrlnuSy 169 
BlakiasUry 251 
Blastoidea diagnosed, 78 
BlastoidocrinuSy 80 
Bohadsch, J. B., 218 
BoheniicocrinuSy 201 
JBofe^ui, 313 
boss (Ech.), 287 
Bothriocidarisy 300 
Bothriocidaroida, 300 
BotriopygitSy 320 
BotryocrinxiSy 179 
BourgueticrinuSy 194 
bourrelet, 319 
brace, 289 
brachia, 3, 100, 112. See 

also arm 
brachialia, 100, 204 
BrachiocrinuSy 146 
brachiola, brachioles, 3, 41 
Brachiolariay 6, 248 
branchiae (Ech.), 293 
branchial vesicles, 245 
Brandt, J. F., 226, 240 
Brcynioy 323 
Breynius, J. P., 283 
BriarocrinuSy 162 
Brisingay 259 
BrisingasteTy 259 
BrissopcUaguSy 323 
BrissopsiSy 322 
BrisstiSy 323 
Bronn, H. G., 40 
buccal tissures, 263 

— papillae, 264 

— shield, 264 
Buch, L. v., 40 
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BundenbachiOt 27 i 
BursacrinuSf 180 
bursae, 26 
bursal slit, 264 
Bury, H., 218, 240, 261, 
285 

GacabocrinuSf 164 
Cactocriiixts^ 170 
caeca (Ast.), 243 
CabiocnnuSf 182 
CalatnocrintUf 192 
Oalathocrinus (Hall), 170 

— (Meyer), 182 
CkdceocrinuSf 148 
CaleidocrinuSf 201 
Calix, 46 

CaUaioaycrintis, 190 
Calliaster (Gray), 253 

— (Trautsch), 259 
CaUicrinuSj 164 
CallideniuL, 253 
CaUocystis, 62 
Calocrinus^ 202 
Calpiocrinus, 189 
CalvasteriaSy 258 
Calycantliocrinus, 150 
Calycastery 255 
Calycina, 306 

calycinal system, 14 ; 

(Oph.), 268. See also 

apical 
Calymne, 321 
Galyptastert 257 
calyx, 99 

CainarocrinuSy 77, 161 
Caraerata(W. &Sp.), 139 

— Dicyclica, 198 

— Monocyclica, 159 
CampanuliUs^ 202 
Vamptocrinusy 159 
canal furrow (Oph.), 262 
Canistrocrinus, 161 
Capheirat 229 
Carabocrinus^ 172 
OaraiojnuSf 320 
CardiasteTj 321 
Cardiocystis, 77 
CarduocrinuSf 179 
CarclicrinuSy 165 
Carpenter, P. H., 14, 44, 

91, 139, 140, 182, 325 
CarpocrinuSy 166 
Carpoq/stiSf 73 
CaryocrinuSf 67 
CaryocystiSf 55 
CaryaphylliUsy 197 
CassianocrinuSy 182 
CassiduluSf 321 
CkistanocrinuSy 161 
Ctutocrinu^, 148 



CatillocrintLSf 150 
CatopyguSy 321 
Caudinoy 233 
CavlasteVy 251 
Cenocrinusy 182 
central blood-plexus, 23 
central plate (Oph.), 268 
ceutrale, 135 
CentrioenniLSy 162 
Centrocrinus (Austin), 157 

— (W. &Sp.), 162 

— (Worthen), 202 
centro- dorsal, 135 
CentrostepfianiiSy 309 
CenDtwcrinxiSy 177 
Ceriocrinus (Desor), 191 

— (White), 180 
Ohcuetastefy 255 
(Jheirastety 251 
C/w.irocrinus (Eichw.), 63 

— (Hall), 148 

— - (Salter), 148 
CkeiroptasteTy 257 
ChdocrinnSy 182 

Chiaje, S. Delle, 240, 284, 
285 

chiasma (Crin. ), 114 

Chiridota, 234 

Ckiti)nastery 253 

OhladocrimiSy 182 

Chola^ftery 275 

Chondrocidarisy 302 

Choriastery 254 

chroniatogen organ, 23 

e/</«m, 302 

adaroida, 301 

Oidaropsis^ 307 

CigarOy 48 

ciliated urns, 235 

CionobrissuSy 323 

Circopdtisy 307 

circunioesophageal canal 
(Ast.), 243; (Oph.), 
265. See also Hydro- 
circus 

— nerve-ring (Crin.), 102 ; 
(Ast.), 245 

cirri, 107, 133 
Cirrigrada, 260 
Citrocyatisy 53 
Cladocriyius (Aust.), 189 
Cladoidea (Jaekel), 141 
Cladophiurae, 276 
ClaviasUTy 321 
clavulae, 31 
CleiocrinuSy 191 
CUistecIiinuSy 323 
CleniatocrituiSy 156 
ClidochiruSy 188 
cloaca (HoL), 221 
Clonocrimis (OehL), 161 



Clanocrinus (Quenst.), 162 
close suture, 108 
ClosterocrinitSy 173 
ClypeanthuSy 321 
Clypeaatery 318 
Clypeastrina, 316 
ClypeopyguSy 321 
ClypeuSy 821 
Cnemidiasiery 255 
Coadunata, 138 
CoccocrinuSy 156 
Codastery 82, 92 
CodedUnuSy 310 
CodiacriniiSy 177 
CwiioLcystiSy 73 
Codwpsisy 309 
CodanUesy 84 
Coilonoblastida, 91 
Codonocrinusy 202 
Cadaster (Sandb. ), 259 
Oodasteriasy 255 
coeliac canal, 101 
CoeliocrimiSy 180 
Citdocrinm (M. & W.), 
167 

— (Salter), 200 
coeloni, 7 
Coe/opleunts, 308 
collateral organ, 23 
CoUyriteSy 321 
Ooldfocentrotiusy 313 
ColodiiniSy 230 
ColpiUftery 259 
columna, 48, 99. See also 

stem 
columnals, 105, 132 
ComarocystUy 55 
Coimtstery 196 
ConuUuloy 195, 196 
Comatuliiuty 202 
ComaturdlOy 202 
compass (Ech.), 289 
Compsastei-y 255 
CompsftcrinicSy 165 
Coiiiptonia^ 253 
Coiidylocrinuity 201 
connective tissue, 28 
OmoclypeuSy 316 
Conocriniis (d'Orb), 194 

— (Troost), 202 
OfHolampaSy 321 
convoluted organ, 136 
CophinuSy 202 
CoptodiscuSy 316 
CoptophymOy 312 
Coptosotnay 310 
Carastevy 322 
CordylocrintiSy 156 
corona (Crin.), 99 
Coronasier, 258 
CoronoeriniiSy 164 
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Corylocrinus^ 67 
Corymbocrinus, 162 
CoscintisteriaSf 258 
CosmasteriaSy 258 
CosmocrimiSy 179 
costalia, 141, 204 
Costate (Miiller), 138 ; 

(Jaekel), 141 
Cottaldia, 309 
CotylecriwiSf 198 
Coti/lederma, 198 
Cotyledonocrinusy 159 
covering-plates, 101. See 

also ambulacrals 
Cra^fddasterj 252 
CrateriiM (Barr.)« 46 
Craterolampas, 321 
CreTnacrinvSf 148 
Orenaster (Perr.), 251 
Oribrella, 258 
CfribrellUes (Tate), 259 
cribriform organs, 251 
Orinocystisy 77 
Crinoidea, diagnosed, 94 ; 

(Jaekel), 141 ; (MuUer), 

138 ; (Roemer), 33 
— brachiata, 94, 138 
OromyocrinuSy 181 
Crossaster, 256 
OrotalocrintLSf 176 
crown, 99 

ChrumefiaecrintiSy 202 
Oryptastery 257 
OrypUMastus, 89, 92 
CryptocrinuSt 69 
Cryptodiscus, 164 
CryptoschismUj 84, 92 
Cryptozonia, 254 
Orystallocystis, 53 
Ctenaster, 256 
ClenocrinuSy 161 
CtenodisciiSy 251 
CucuniariUf 230 
Cuenot, L., 33, 218, 240, 

261, 294 
CulcUaf 254 
CulicocriniiSf 156 
Cupdlaecrinusy 156 
CupressocrinvSy 177 
CupulasteTy 259 
CuptUocrinHSf 202 
Cuvier, G., 1, 218, 226 
Cavierian organs, 223 
Cyathidium, 198 
Cyathocrinacea, 171 
Cyathocrinidae (W. & Sp.), 

171 
Cyathocrinoidea, 172 
OyathitcrbmSy 173 
Cyathoq/stiSt 208 
Cycethra, 254 



Cydaster, 823 
Oydocrinus (d'Orb. ), 192 

— (Eichw.), 77 
CydocystoideSy 210 
Cylicocrimis (S. A. Mill.)» 

166 
Cylicocrinus (Miiller), 156 
Cypdlocrinus (Shum.), 

156 

— (Stein.), 177 
Cypfiocrinusy 199 
Cyphosoma, 310 
CypressocrinnSy 202 
Cyrtidocrinus, 188 
Cyrtocrinus^ 197 
Oystaster, 207 
Cystasteroidea, 205 
Oysiechinus, 321 
Cystidea, diagnosed, 39 
Cystidea (Barr.), 77 
Cystobiustus, 64 
Cystocidaroida, 300 
Cystocrinus, 202 
CytocrinuSy 161 

Daclylocrinus (Quenst.), 
189 

— (Slad.), 180 
Dactyloq/stiSy 74 
Dadocrinusy 182 
Daemonocrhm^y 202 
DecacnenioSy 202 
DecadactylocrinuSy 202 
DecadocrinuSy 180 
Decamerosy 202 
/>«»i«, 229 

deeper oral nervous system, 

30 
Dflocrin^iSy 180 
DeUacrinuSy 148 
deltoidea, 100. See also 

oral i a 
demi-plates, 288 
DeinocrinuSy 194 
Dendrocriuacea, 171 
Dendrocrinoid^cu 178 
Dendrocrinus, 179 

— cainhrUnsis, 146 
Dendrocystis^ 47 

dental papillae (Oph.), 272 
Derbes, A., 285 
dermal branchiae, 245 
Dennasterias, 254 
desmactiuic, 237 
Desmidocrinu^y 166 
Desor, E., 284 
Desarellay 320 
DexdocystUy 46 
DiahvlocrinuSy 200 
Diadeinay 309 
Diademina, 308 



Diademoida, 306 
Diademopsis, 309 
DiajnenocrimtSy 200 
dibracbialia, 204 
JHchocrimiSy 159 
dichotomy of arms, 112 
dicostalia, 204 
Dictyastery 258 
DictyocrinuSy 77 
Dictyopl^urusy 312 
dicyclic, 99, 110 
Dicyclica, diagnosed, 171 

— Camerata, 198 

— Inadunata, 171 
Diinerocrinus (Pacht), 190 

— (PhUl.), 198 
Dimorphicriniis, 84, 202 
Dinocyatisy 209 
JJiplcuiteriaSy 258 
iJipleunUOy 4 
JHpiocidariSy 303 
DiplopodiOy 309 
diplopores, 41 
Diploporita, 70 
Diplotagma, 309 
DiplothecarUhus, 318 
Z>tpn€Uj/etf, 322 
DipscuasteTy 252 
Discisterinay 254 

disc. (Ast.), 2 ; (Crin.), 

99 ; (Oph.). 262 
DiscocidariSy 302 
Discocystisy 208 
Discoideoy 316 
distal (Crin.), 109 
distichalia, 204 
Distincte, 178 
DizygocriMiSy 168 
DolatocrinuSy 164 
DolicftocrintUy 197 
Doliolocrinusy 202 
Dofuicicnnits, 202 
DorigoncLy 253 
DorocidariSy 302 
dorsal canal, 101 

— cup, 99 

— fossa, 116 

— organ, 23 

— shield, 262 
dorso-central, 14, 106 
DorycrinuSy 167 
Dujardin, F.. 40, 260, 284 
Duncan, P. M., 284, 299. 

306 
Duvemoy, G. L., 240 
Dysttstevy 321 
DytasUry 251 

JSchinanthuSy 318 
EchinarachniuSy 317 
EchiruuUry 258 
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MchiTiasUreUa, 257 
Echinid plane, 21 
JSchininaj 311 
Echinites (Duncan), 316 
Echinobrissusj 320 
Echinocardium, 323 
Echinochrome, 23 
Echinocidaris (Dune.)* 308 
EchinocorySj 321 
EchinocrepiSj 824 
Echinocrin%t8 {Ij, Ag.), 202 
Echinociicumis^ 230 
EchinocyamuSy 317 
Echinocyphusj 312 
Echinocystis (Hall), 70 

— (W. Thorns.), 301 
Echinoderma, diagnosed, 34 
Echinodiadema, 309 
Echinodiscua (Ag.), 317 

— (Worth. & Mill.), 208 
EchinoeyicrinuSy 60 
Echinoidea, 282 

— diagnosed, 299 
EchinolampaSj 321 
EchinometrOy 313 
EchinoruhiSy 320 
EchinopedinOy 310 
EchtTwpsiSf 308 
Echinosphaera^ 53 
EchinostrephuSf 313 
Echinothrix, 310 
Echinothuria^ 311 
Echinozoa, 33 
Echinus, 313 

— escvlentxis, 285 
EctenocrinuSy 146 
Ectobranchiata, 306 
ectoderm, 30 
EdrioasteTy 209 
Edrioasteroideo, diagnosed, 

205 
EdriocrinuSy 191 
Edriocystis, 209 
EdvxirdsocrinuSy 157 
El€teacrinuSy 88 
Elasipoda, 226 
EleiUherocrinus, 87, 92 
Eleutherozoa, 33 

— diagnosed, 217 
Elpidiay 229 
Emperocrimis, 202 
Enallastery 321 
Enallocrinus, 176 
EnallopneusteSy 321 
EitcopCj 317 
EncrinoSy 202 
EncrinuSy 181 
Endobranchiata, 300 
endocyclic (Ech.), 294 

— gut (Crin.), 136 
endothecal food-grooves, 41 



EnichcLsteTy 321 
Enneaq/stUy 67 
EnoplourUy 51 
EntamasteTy 321 
Entrochus, 202 
EnypniasteSy 229 
Eoq/stiSy 48 
EodiademOy 308 
EolampaSy 321 
Eoluidiay 276 
Eospondylusy 275 
EpactocrinuSy 177 
Epiastery 321 
epineural canal, 15, 30 ; 

(Oph.), 266 
epipodium, 288 
epithecal food-grooves, 41 
epizygal, 108, 117 
Eretinocrinusy 167 
Erinocy^iSy 60 
Erisocrinus, 181 
Etheridge, R. 111., 91, 139 
ethmolysian, 295 
ethmophract, 295 
Euasteroidea, 249 
^ublastoidea, 81 
EucalyptocrinuSy 164 
EuchirocrinuSy 148 
Eucladiay 275 
EucladocrinuSy 158 
Eucrinoidea, 139 
EucrinuSy 199 
Euq/stiSy 72 
EudesicrinuSy 198 
Eudiocrinu^y 195 
Euechinoidea, 299 
Eugastevy 274 
Eugeniacrinusy 197 
EupachycrinuSy 181 
EupatagxiSy 323 
Euphronides, 227 
EupyrguSy 233 
Eurhoditty 321 
EuryaU (Kdnig.), 154 

— (Um.), 276 
EuryalecrinuSy 189 
EuryocrinuSy 190 
EurypneusteSy 313 
EuspirocrinuSy 173 
EutrochocrinVrSy 167 
EvechinuSy 313 
exocyclic (Ech.), 294 

— gut (Crin.), 136 
ezothecal processes, 41 
external gills, 26 
ExtracrinttSy 182 

eye, 32, 245 

Fabricius, 0., 218 
Faarina, 322 
faaciole, 319 

22 



Favjasia, 321 
Ferdinay 255 
Fibidariay 317 
fimbriated channels (Oph.), 

251 
finials, 115 
Fistulata (Jaekel), 141 ; 

(W. & Sp.) 139 
Fistulides, 218 
fixed brachials, 112 
FlabeliocrinuSy 182 
Flexastery 257 
Flexibilia, 140, 187 
fioscelle, 319 
Forbes, E., 260 
Forbesiocrinus (Aug.), 189 

— (de Kon.), 189 

— Agassixiy 190 
forcipiform pedicellariae, 

247 
forficiform pedicellariae, 

247 
food -groove, 100 
Freydloy 259 
Fr&miay 255 
FungocystiSy 74 
FurcasteTy 275 

OagariOy 310 
(JaXeasieXy 321 
Galeritesy 316 
OaleroclypeuSy 820 
OcderopyguSy 316 
GammarocrimtSy 197 
Ganeriay 254 
GanymtdOy 203 
GasterocomOy 177 
GastrasteTy 258 
GastrocrinuSy 179 
Gaudry, A., 240 
GaurocrinuSy 203 
GautkieriOy 310 
GazacrimtSy 188 
GenicopataguSy 321 
genital nerve ring, 266 

— organs, 24 

— plate, 264 

— rachis, 101 

— ring (Ech.), 291 

— scale, 264 

— stolon, 23 

genitals (Ech.), 286, 294 
GennaeocrintiSy 169 
Geocmna (Fraos), 195 

— (d'Orb.), 278 
GeocrinuSy 168 
Gibbastery 323 
GilherisocrinuSy 201 
GissocrinuSy 175 
glandular organ, 23 

— pedicellariae, 31 
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OlaphyrveystiSy 60 
OUnotremiUs, 203 
OlypJuKyphus^ 312 
OlyptasUr, 198 
OlyptechinuSt 313 
O'lyptieus, 307 
GlyjHocrinus^ 161 
Olyptocystidae, 58 
Olyptoq/stiSy 64 
Glyptotphaercu, 73 
OiuUhaster, 253 
Onathocrinus, 203 
GxutthostomAta, 315 
gnathostomaU, 304 
(jfnorimocrintiSf 189 
Oold/ussia (Nornian), 203 
Ocmpkocyslis, 77 
gonads, 25 
OcniasteTt 253 
OoniasieroidocrintUf 201 
Oomocidaris^ 302 
Ooniocrinus, 179 
Ooniodueus, 253 
ifoniodon, 253 
Goniopecien, 251 
OoniophoruSy 306 
O^cmiqpneiM^, 313 
Ooniopygua, 307 
OonocrinuSj 60 
Gorgonocephalus, 276 
Oothocrinua, 179 
(7mmm«cAtntt«, 313 
OrammocrinuSf 203 
Granatoblastida, 92 
OranatocrinuSf 90 
GraphiocrinuSf 180 
O^rono, 321 
Gray, J. R, 240, 260 
Gregory, J. W., 261, 310 
Grabe, A. K, 226 
Gualtieri, N., 284 
GualtUria, 323 
OueUardicrinus, 192 
Guettaria, 321 
gat, 136 

Gyllenhal, J. A., 53 
OymnastericL, 254 
OymnchrUinga, 259 
OymiwcrinuSy 197 
Oyjnnodiademoy 308 

JlabrocrinuSj 166 
Jladrocrinusj 164 
Haeckel, E., 40, 43, 48, 

49, 52, 326 
haemal strands, 23 
HagenoviOj 321 
HaiiMo, 320 
JIaUicyatiSf 61 
J/alocrimiSy 177 
JIahphenixj 203 



HalysiocrinuSj 148 
Hamann, O^ 218, 240, 261 | 
Hapalocrinus, 156 
Haplocrinus, 151 
Haploeystis, 208 
Haplodadyla, 233 
haplopores, 41 
BarmocrintiSt 162 
heart, 23 

HelianthasUr, 258 
Jleliajster, 258 
Hdikodiadema, 309 
HeliocrinuSj 55 
Hdiocystia^ 55 
Helminthoiilhus, 203 
Hemiaster, 322 
Heinicularxs^ 307 
HemicosmiUs, 66 
HemicrinuSf 197 
Hemicystis, 207 
HemieurycUef 276 
Hemiglyphcu, 278 
JfemipcUaguSt 321 
Uemipedina, 309 
Hemipholis, 278 
Hemipneustes, 321 
Henricia^ 258 
Herouard, K, 218 
HerpetocrinuSf 146 
^<fr^A«, 203 
Heteroblastus, 90, 92 
ffderocentrotusj 313 
Helerocidaris, 309 
Heteroclypeus, 821 
HeierocrimiSy 146 
HeterocyatiSy 67 
Heterodiadema^ 309 
ffeUrolampaSf 321 
ffeterosaleniaj 306 
heterotomy, 112 
Jfexacrinus^ 158 
Hexactis, 240 
HexalacystiSf 66 
HibemidcL, 195 
JlippasteriaSt 253 
HipponoHj 313 
Hoffmann, C. K., 285 
Holastery 321 
Holectypina, 315 
Holtclypus^ 316 
HolocrinuSf 182 
Jloloq/stiSf 47 
'"llolocystUes" 72 
Uolopneuates^ 313 
Ilolopua, 197 
Holothuriay 227 
—forskali, 220 
Holothurian plane, 20 
Holothurioidea, diagnosed, 

218 
Hanudocrinus, 189 



Hamocrinus, 179 
Uomocystis, 64 
Homoeasttr, 323 
Hovwlampas, 323 
Hnpl4uUr,25^ 
ffoplocrinux, 145 
Uup^, IL, 40, 284 
Huxley, T. H.. 33 
Hybechinus^ 813 
ffyboclypeusy 320 
ffybocriniu, 145 
Hybocysiis, 95, 145 
Hydrasterias, 258 
ffydrtioTiocrinuSj 180 
ffydriocriniu, 180 
hydrocircus, 12, 102 
hydrocoel, 7 
hydrophores palmees, 44, 

46,73 
hydropore, 8, 103 
hydrospire plates, 86 
hydrospires, 83 
Hymenastert 257 
Hymenodiscus, 259 
Hyocrinua, 153 
HypanihocrinuSf 164 
ffyperocrinuSf 168 
Hyphidaster, 251 
Hypocrintu, 178 
HypoTujme^ 77, 195 
hypostereom, 45 
Hypostoma, 260 
hypothecal, 2 
hyporygal, 108, 117 
ffypsosjMiiaguSf 323 
HyptiocrinuSf 199 
HystricrintiSj 158 

IchthyocrinuSy 188 
IcoTuisUrt 253 
IcosidadylocrinuSj 203 
Idiocrinus, 188 
Jlarionoy 320 
IlycrinuSf 186 
llyodaemony 229 
imperforate articulation, 

108 
Impinnata, 187 ; (of P. H. 

C), 140 
Inadunata dicyclica, 171 

— monocyclica, 144 

— (W. & Sp.), 139 
Inarticulata, 138 
IndianocrintLSt 145 
inferradial, 112 
infrabasalia, infrabasals 

(Grin.), 99, 122 ; (Ast), 

246 ; (Oph.), 268 
Ii\fraclypeuSy 320 
infra-mai^nals, 246 
Inf\Uaster, 321 
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interambulacra (Ech.), 286 
interambulacrals (Grin. ), 

109, 124 ; (Ast.), 241 ; 

(Ech.), 296 
interarticular substance, 28 
interaxillaries, 109, 204 
interbrachial areas, 246 
interbrachials, 1 09, 1 1 8, 204 
intercellular substance, 28 
intermargiuals, 246 
intemodals, 107 
interplnnulars, 118 
interradii, 20 
intersecundibrachs, 118 
focrinuSf 145 
Traniaster^ 328 
//yo, 229 

Irregulares (Blastoidea), 91 
Irregularia (Grin.), 139 ; 

(Ech.), 315 
/«a«ter (Verr.), 251 

— (Desor.), 321 
Isis, 182 

Jsocrinics (Meyer), 182 

— (PhUl.), 189 
Isopneustes, 323 
isotomy, 112 

Jackson, R. T., 299, 302 
Jaeger, G. F., 226 
Jaekel, 0., 114, 116, 141, 

154, 171, 300 
jaw (Oph.), 268 

— plate, 264 
Jeronia, 321 
Juglaiidocrinus, 67 

Kallispmrfiaf 203 
kidney, 23 
klasma-plates, 297 
Klein, J. T., 283 
Kolgoy 229 
Koninckocidaris, 302 
Koninckocrinwty 203 
Korethrasier, 256 
Kowalevsky, A., 218 
Krohn, A., 240, 261, 284 

LaJbidiaster^ 259 
Labidodemas, 227 
lacunar plexus, 102 

— system, 26 
Laetmogone, 229 
Laganumy 317 
Lagenioerintis, 152 
LakuseniocrinuSy 200 
Lamarck, J. P. B., 226, 

240, 260, 284 
Lambertiaster, 323 
LampctdasteTf 321 
LampterocrinuSy 199 



lancet-plate, 82 
Lanieria, 816 
Lankester, E. Ray, 33 
LapiUocystiSy 46 
LapworthurUf 275 
Li^ata, 141 
Lanriformia, 139 
Lanaatert 26 i 
lateral arm-plates, 270 
LaubeocrinuSy 170 
Lebrunaster, 254 
Leca-nocrintUy 188 
LecythiocrinuSy 177 
LecythocrintUj 175 
Leicuteff 255 
Leioqfphus, 312 
Leiopedinaf 813 
Leiosoma, 310 
Lenita, 317 
LepadocrinuSf 61 
Lepadocystisj 61 
Lqpidaster^ 255 
LepidestheSf 305 
LepidoceiUruSy 301 
L^idocidariSy 302 
LepidodiscuSf 208 
LepidopleuruSy 312 
LepocriniteSf 61 
Leptastety 253 
Leptasterias, 258 
fjeptocidaris, 307 
Leptocrinusy 166 
JjeptocysiUj 204 
LeptogoncLster, 253 
Leptoptychastery 252 
leptostroterate, 254 
Leske, N. Q., 284 
Z;<»^'ta, 323 

Leuckart, R., 2, 33, 326 
LeucophthalmuSy 53 
Lichenocrinust 133 
LichenocystiSj 56 
Lichenoides^ 56 
ligament tissue, 28 
ligamentar fosvsae, 116 
LincfwphoruSf 323 
Linck, J. H., 239, 260 
Linckia, 255 
Linnaeus, G., 53, 240, 260, 

284 
LinopneuateSf 323 
LinthiOy 323 
Lithocrinusy 189 
Ljungman, A., 260 
LobocrinuSf 168 
Lobolithus, 77, 136, 161 
Lodanella, 46 
LonchotasteTf 251 
loose suture, 108 
LophasteTj 256 
Lophocriiins, 179 



LdHotaster^ 257 

Loven, S., 14, 32, 285 

Lov^n's plane, 21 

Lovenia, 323 

Ludwig, H., 218, 226, 240, 

261 
i^ut^ia, 252 
Luidiaster, 251 
lunules, 293 
Lyman, T., 261 
lymph gills, 245 

— gland, 23, 27 
LyriocrinuSf 200 
lysactinic, 237 
LysechinuSf 305 
LysocystiSf 70 
Lysophiurae, 274 
Lytastevt 258 

M plane, 20 
MacarocrinuSf 166 
MacBride. K W., 13, 14, 

240, 261, 285, 325 
Mackintosh, H. W., 285 
MacrasteTf 321 
MacrocrinuSf 168 
AfacrocyatellOj 56 
MacropneusteSy 323 
MacrosiylocrinuSf 162 
madreporic gland, 23 
madreporite, 11 ; (Ast.), 

241 ; (Ech.), 286. See 

also hydropore 
Magnosia, 309 
main-axil, 114 
McUocystis^ 58 
niamelon, 287 
MammasteTf 255 
Mareiia, 323 
marginals, 241, 246 
MarginasteTf 254 
Mariacrinu4f 161 
Marsipaster, 257 
MarsipocrinuSf 156 
Marsupiocrinus (Blainv.), 

185 

— (Hall). 200 

— (PhUl.), 156 
MarsupiUs, 185 
marsupium, 256 
Mastigocrinvat 179 
Atayraster, 257 
Meckel, J. F., 240 
Mediaster, 253 
Medusacrinus, 203 
MeduscMteTf 259 
MedcoqfstiSf 61 
MegacystiSy 47 
Megalcuter, 321 
MegistocrinuSy 168 
MditeUa, 317 
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MdlUa, 317 
Melocrinoidea, 160 
Melocrimis, 161 
Melonites, 304 
Melonitoida, 303 
Meoma, 323 
meridosternous, 318 
Merocrinu^f 178 
Meseres, 227 
MesoUantuSy 90, 92 
MesocrinuSf 194 
Mesoqfstis^ 75 
mesostereom, 45 
MesothvriOt 227 
Mespiliaf 313 
Jiespilocrintis (de Kon.), 
188 

— (Quenst.), 192 
MespUocyatis^ 77 
MetablasUis, 87, 92 
MetacriwiSj 183 
Metalia, 323 
Metaporkinus^ 321 
Metopaster^ 253 
Metrodintt 255 
Metschnikoff, K, 218, 285 
Micraster, 323 
Microcrinus, 203 
MicrocyphuSf 313 
Microdiadema^ 309 
Microlampas, 321 
Micropedinaj 310 
Micropocrinvsy 198 
Micropsinaf 313 
MicropsiSy 310 
Micropyga^ 309 
miliary granules, 287 
Miller, J. S., 97, 138 
Miller, S. A., 47, 260 
MUUricriniaty 191 
MiUetu', 321 
Mimaater^ 253 
MimocystiSy 56 
Miospondylusy 275 
MissouricrimUy 153 
Mitdephaster, 253 
MithrodiOy 258 
Afiiraster, 253 
MitrocrinuSy 203 
MUrocystiSy 50 

iVoira, 323 
MoirapsiSy 323 
Molimdiay 233 
Monastery 250 
monocyclic, 99, 110 
Monocyclica, diagnosed, 
144 

— Camerata, 159 

— Inadunata, 144 
Monophoray 317 
Monostychioy 318 



Moriastevy 252 

Morioniay 317 

MoulinsiOy 317 

mouth -frame, 263 

mouth papillae, 241 

Mudleriay 227 

Miiller, Joh., 40, 138, 218, 

240, 260, 261, 285 
muscle fibres, 27 
muscle fields, 262 
— fossae, 116 
AfycocriniiSy 150 
Mydmlactylus^ 146 
MyriotrochtiSy 234 
MyrtUlocrimiSy IIT 
MyxasteTy 257 

NacospatangvSy 323 
NanocrinxLSy 177 
XarHssuty 255 
Nardo, J. D., 240 
Nardoay 255 
Nectriay 253 
NematocrimiSy 150 
NeocatopyguSy 321 
Neocrinoidea, 139 
Neocrim(Sy 182 
XeocystiSy 77 
NeolampaSy 321 
Neomorphastery 255 
Ntoplaxy 276 
NeopnmsteSy 323 
Nepanthiay 254 
Neumavr, M., 44, 48, 49, 

326 ' 
Neviani, A., 310 
Sidorelliay 254 
NipterocrimiSy 188 
nodals, 107 
Xudeocrinvs^ 88, 92 
Xudeolitesy 320 
XudeopyguSy 320 
Xymphaster^ 253 

oculars, 286, 294 
(Winio, 259 
Odontaster^ 253 
odontophore (Ast), 247 
Of aster, 321 
Oginastery 253 
OhiocrinuSy 146 
Oken, L., 226 
Oligopodioy 320 
OligopoTHSy 304 
OligopygiiSy 320 
OHvaniteSy 88 
OUacrinuSy 201 
Oncocrinvsy 187 
OmirophantOy 229 
OnydiasteTy 275 
OnydiocrimtSy 190 



(Mastery 321 
O^cAtnu^ 312 
OphiacarUhay 278 
OphiactiSy 278 
Ophiarachna, 277 
OphiarthruWy 278 
Ophidiastevy 255 
OphiemuSy 278 
OphiobUnruiy 278 
Ophicbyrsa^ 276 
Ophiocamcucy 278 
ikphiocentrusy 278 
OphioceramiSy 278 
OphiochiUmy 278 
Ophvjdumdms, 276 
Ophi4)chytray 278 
Ophiocnemisy 278 
OphiocnidOy 278 
Ophiocoetay 277 
OphuMxnnOy 278 
Ophioconis, 277 
Ophiocreas, 276 
(^hiocreney 276 
Ophiocrinus (Ang.)« 179 

— (Charleaw.), 146 

— (Salter), 201 

— (Semper). 195 
Ophiocten, 278 
Ophiocymbium^ 278 
Ophwdermoy 277 
(^ahiogerotk, 276 
Ophioglyphay 278 
OphwgofiOy 277 
OphiogymnOy 278 
C^hiohelusy 276 
Ophioiebes, 278 
OphioUpis (Lyman), 278 

— (M. & T.), 278 
Ophicmartusy 278 
OphwTMutiXy 278 
C^hiomazay 278 
OphumUray 278 
OphiomusivtJi, 278 
OphiomyceSy 276 
Ophiomyxa, 276 
OphionemcLy 278 
Gphionephthysy 278 
Ophionereity 278 
OphiopaepaUy 278 
Ophiopegt, 275 
(^Ak^^M, 278 
Ophu>])eaaj 277 
OpfUcphdis, 278 
Qphiophragonusy 278 
(^hwphyUum^ 278 
Ophi^ilax, 277 
Ophi^inihtiSy 278 
OphicplocttSy 278 
(>pAu;(p«amm'wm, 278 
iSphiopaUay 278 
C^Atop^ms, 278 
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OphiopteroHj 278 
OphiopuSy 278 
Ophiopyrerih, 277 
Ophiopyrgtu, 277 
Ophiosciasma, 276 
Ophiostigma, 278 
OphioteresiSf 276 
OphiothamnuSf 278 
Ophiothela, 278 
(^hiotholia, 276 
(^hiothrixy 278 
OpkiotremcLy 278 
OphiotrochuSf 278 
Ophiozonoj 278 
(Jphiura, 278 

— ciliariSy 262 
Ophiurella, 278 
Opkiurinot 275 
Ophiuroidea, 259 

— diagnosed, 273 
oral angle (Ast.)* 246 
plates (Oph.), 263 

— nerve-ring, 102 

— nervous system, 30 

— papillae, 264 

— ridge (Blast.), 82 

— skeleton (Ast.), 241 
orals, 124. See also del- 
toids 

OrhUremiUa, 90, 92 
OrcM/a, 230 
Oreaster, 254 

orientation of crinoid, 110 
OrioiampaSf 321 
Omithaster, 323 
oro-central, 14 
Oroq/siiSt 54 
OrophocrinuSf 84, 92 
OrthechinuSy 310 
Orthocidarisy 302 
OrthocHnuSy 198 
OrtholophuSy 312 
OrthopsiSy 308 
oscular orifice, 256 
otocysts, 32 
O^totmimnMj, 178 
outer side-plates (Blast.), 84 
Ovicli^peusy 316 
ovoid gland, 28. See also 

axial organ 
Ovulastery 321 

PachyantedoHy 203 
PachydypenSy 316 
Pachycrinu^y 203 
Pachylocrinus, 180 
PachyocrinuSy 203 
PaelopatideSy 227 
Palaeastery 250 
PcUaeasterinOj 250 
Palaeasteroidea, 249 



Palaeechinasteridae, 250 
Palaeechinoidea, 299 
PcUaeSchintcSy 304 
Palaeobrisaib8y 322 
Palaeocomoy 254 
Palaeocrinoidea, 139 
PalaeocrinuSy 172 
PalaeocystiSy 54 
PaltieodisctiSy 301 
Palaeolampas, 321 
PalaeonectriOj 250 
Palaecpkiuray 274 
Palo/eopneusUSy 322 
Palaeosielloy 250 
Palaeoatomay 323 
PcUaeotropuSy 323 
PcUasterisciiSy 257 
PaUistropectetiy 275 
Pallas, P. S., 218 
PcdmacystiSy 73 
palmaria, 204 
PalmipeSy 254 
palps (Ast.), 245 
Pannydiiay 229 
papulae, 26, 245, 248 
parabasalia, 99 
Paractiuopoda, 234 
Pamdoxechinusy 312 
ParaganasteTy 253 
Paralampasy 321 
pararadi^s, 150 
PararchasteTy 251 
Parasaleniay 313 
Parelpiditty 229 
parietal canal, 9 
Parisocrinusy 173 
PasceohtSy 77 
PcUeUiocriniis, 162 
patina, 112 
Po^irio, 254 
Pauiiuy 254 
paxillae, 247 
PectinasteTy 251 
pectinirhombs, 43, 58 
Pectinuray 278 
Pedatae, 226 
pedicellariae, 31 ; (Ast.), 

247 ; (Ech.), 287 
PediceUaaUTy 258 
Pcrftmz, 809 
PedinopsiSy 313 
Pedinothuria, 310 
Pdagothuriay 230 
PeianechinuSy 310 
pellions, 289 
Pelmatozoa, 33 
— diagnosed, 38 
Pelmatozoic ancestor, 9 
PdUuteSy 306 
PendtUocriniiSy 148 
Peniagone, 229 



PentaceropsiSy 254 
PerUcLceroSy 254 
PeTUacrinusy 182 
PerUactceay 12 
PentactiUay 18 
PentadiOy 181 
PentagonasteTy 253 
Pentag&iiiteSy 203 
pentameres, 99 
Pentephyllumy 90, 98 
Pentremitesy 86, 92 
PerUremUideOy 85, 92 
perforate articulation, 109, 

116 
Peribolaster, 266 
Pericosmusy 323 
Pertechocrinusy 168 
PeriglyptocrinuSy 161 
perignathic girdle, 289, 

297 
peri-intestinal cavity, 103 
perioesophageal sinus, 22 
periproct, 286 
PerischodomuSy 802 

— ma^nt««, 203 
perisoma, 241 
j>eristorae (Crin.)i 97 ; 

(Ecb.), 285 
peristomial plates (Oph.), 

264 
PerknasteTy 258 
Peronia, 308 
perradii, 19 

Perrier, E., 241, 259, 285 
Persephaimster^ 251 
PetaiocrintMy 175 
PetitwcrinuSy 203 
Petrastery 250 
PhaeTwschismOy 84, 92 
PhanerasteTy 253 
Phanerozonio, 249 
Phanogeniay 196 
PhaHoy 255 
pharyngeal vesicles, 27 
Phialocriniis (Eichw.), 203 

— (Trautsch.), 181 
PhUlipsocrinvs^ 170 
PhilocrinuSy 180 
Phimocrinusy 152 
Phoenicocrinusy 166 
Pholidastery 255 
PholidocidariSy 305 
PhormosomOy 311 
Phoxastevy 252 
Phyll4>bri8su8y 321 
Phylloclypeusy 321 
PhyUocrimUy 197 
phyllode, 319 
Phyllophorus, 230 
Phymechinus, 309 
PhysetocrintLSy 170 
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PhyiocHnus^ 195 
Pictet, F. J., 40 
PicteticrinuSj 182 
Pileus, 316, 820 
PUocystis^ 46 
Pinnata (P. H. Carp.), 140 ; 

(Bather), 191 
pinnulae, 113 
Pionocriniis^ 166 
PirocystiSy 47 
PisocrintUj 149 
Placocyatisy 61 
PUtcodiademOy 309 
plastidogen organ, 23 
PlaiasteriaSf 252 
Platybriastts, 822 
Platycerasy 167 
PlatycriniiSj 157 
Platycyatis, 51 
PlatysphaeriteSt 203 
Plectaster, 258 
PiesiatUhuSy 318 
Plesiocidaroida, 305 
PlesiolampaSi 321 
PleHrechinvSy 312 
Pleurocrinus, 157 
Pleurocystis, 64 
Pleurodiadenniy 309 
plexiform glaud, 23 
PliccUocrinuSy 153 
Pliny, 218 
Plistophymoy 309 
PlunuuteTf 259 
P/tt^eiw, 6, 16 ; (Oph.), 273 
PltUonastery 251 
Pneumophora, 226 
PodcuteriaSt 258 
podia, 1, 2 ; (Ast.), 243 ; 

(Ech.), 291 
Podocidarisy 308 
Polian vesicles, 27 ; (Ast. ), 

243 ; (Ech.), 291 
Polyaaterias, 258 
Poiycerus, 182 
Polycidaris, 302 
polycyclic spine, 287 
PolycyphuSy 310 
Potypdtes, 162 
Polypholia, 278 
Poviatocrinn^t 191 
Pomel, A., 284 
Pomoq/stiSy 72 
Pomonitesj 72 
Pomosphaera, 72 
Pontasiert 251 
PoraniOj 254 
Poranwmorpfuiy 254 
PorceUanaster, 251 
pore canal, 8 

— plate, 80 

— rhombs, 42 



]K}re.s, ambulacral (Ech.), 
287 

— of Blastoids, 86 
Porocrinus (Bill.), 172 

— (Dittra.), 182 
postpalmaria, 204 
Poteriocrinacea, 171 
Poteriocrinidae (W. & Sp.), 

171 
Poteriocrinusy 180 
Pourtaiesia, 323 
PradocHnuSf 168 
Prenasier, 323 
pre-oral lobe, 4, 8 
primary skeletal elements, 

109 
primaxil, 114 
primibrachs, 114 
primitive suture, 108 
ProclivocrinuSj 148 
Prognaster, 255 
PromachocrinuSy 195 
ProtasUr, 274 
Protdsteracanthion, 251 
Proteoq/atiSy 73 
ProteroblastiUt 74 
ProteHryale, 203 
Protoblastoided, 79 
ProtocrinuSy 74 
ProtocyaviuSy 316 
Protocystis, 48 
Prouho, H., 245, 285, 288 
proximal (Crin.), 109 
proximale, 108 
Prunocystis, 60 
Prymnadetiuae, 322 
Prymnodesminae, 323 
Psainmechinus, 313 
p8eudambulacra(Cyst.),43 ; 

(Blast.), 78 
PseudarchasteTy 251 
PsetidasieTy 251 
pseudhaemal ring, 102 

— system, 25 ; (Ast), 243 ; 
(Ech.), 292 

Pseudoboletia, 318 
PseudocatopygnSj 321 
PseudocrinuSy 62 
Pseud inmcumisy 230 
Psevdodesorelhy 321 
Pseudodiademaf 309 
pseudo-heart, 23 
pseudomonocyclic. 111 
pseudo-pedicellariae, 247 
Pseudopedina, 309 
Pseudostichopusj 227 
PsUaster, 252 
Psolidium, 230 
P«o/t«, 230 
PsychropoteSy 229 
1 Ptychrotrephes^ 229 



ineroccma, 203 
Pterotocrinus, 159 
Ptilonaster, 274 
Ptychocrinus, 198 
Pupa, 5 
PycnasteTf 253 
Pycnocrinus, 161 
Pycncpodia, 258 
Pycnoscuxmsj 187 
Pygaster, 816 
Pygastrides, 816 
Pygaulus, 820 
PygorhynchuSy 321 
Pygorhytisy 321 
Pygospatangua, 828 
PyguroatomOy 821 
Pygurusy 321 
pyramids (Ech.), 289 
Pyrinoy 320 

Pyroq/atia. See Pirocyatia 
Pythormatery 257 
PyxidocrinuSy 168 

radial canals, 243. See 
also perradial 

— dome-plates, 127 

— facet, 100 

— pseudhaemal canal, 100 

— shields, 264 

— sinus, 84 

— vesicles, 27 

radialia, radials (Oin.), 99, 
204; (Ast.), 246; (Ech.). 
294 ; (Oph.), 268 

radianal, 112, 119 

Radiaater, 254 

Radiata, 2 

radical cirri, 1C7 

Radioq/phtts^ 312 

radix, 99 

rami, 118 

ramuli, 113 

rectal caeca, 243 

recumbent anus, 48, 65 

Regulares (Blast.), 91 

Regularia (Crin.), 139 

— Ectobranchiata, 806 

— Endobranchiata, 800 
RemaateTy 256 
respiratory trees, 27, 222 
Retastety 257 

rete mirabile, 223 
ReteocrinttSy 198 
Rhabdocidariay 302 
RhdbdopUurus, 312 
Rhadinocrinuay 179 
Rhaplmnocrinuay 200 
Rhegastety 254 
Rhinobriaauay 323 
Rhipidaatery 256 
Rhipidocrinuay 201 
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JihizocrinuSj 194 
Jthodocalix, 203 
JthodocrinuSf 201 
Rhoechinusj 304 
Rhombifera, 52 
JlJiombifera (Barr.), 57 
— vUrOy 77, 145 
Rhopalocomctj 257 
RhopcUocrinuSy 191 
Rhopalodina, 230 
JihynchopyguSj 321 
Roemeraater^ 255 
Romanes, G. J., 245 
Roudelet, W., 218, 283 
root, 99 
RoMster, 253 
rosette (Crin.), 196 ; (Ech.), 

289 
/2o<i«to, 317 
RotuMdea, 317 
Rouault, M., 45 
iJiAna, 317 
Russo, A., 261 

Saccocofna, 154 
SaccocrinuSt 168 
sacculi, 137 
Sagenocrinua, 190 
sagittal plane, 20 
SalmaciSj 312 
Salmacopsist 312 
Salenia, 306 
Salter, J., 260 
Salteraster, 251 
Sampsanocrinus, 170 
Sarasin, P. & F., 32, 285, 

310, 326 
SarseUa, 323 
Scaphtocrintts, 180 
^Hcapola, 204 
SchizasUr, 323 
SchiMblastuSy 89, 92 
scbizocoelic system, 26 
SchizocrinuSf 161 
SchizocystiSj 61 
Schoenaaterj 250 
<Si::/erc»^erie», 258 
SclerocrinuSf 197 
Scoliocrinua, 178 
ScoliocystUt 60 
Scolocystisy 70 
Scotoanassoy 229 
Scotoplanes, 229 
scrobicular circle, 287 
scrobicule, 287 
scata adoralia, 264 
Seutella, 317 
scutella oralia, 263 
.Si;u/ettt»a, 317 
.scutum buccale, 264 
Scyphocrinu8 (Hall), 161 



Scyphocrinus (Zenker), 161 
Scytactinota, 218 
ScytcUecrinus, 180 
Scytodermata, 33, 218 
Seba, A., 284 

secondary skeletal elements 
109, 204 

— radials, 204 
secundibrachs, 114 
segmental apertures, 256 
Selenka, K, 218, 226 
Seml-Articulata, 138 
Semon, R., 12, 18, 218 
Semper, K., 218 
sensory buds, 31 
sessile pedicellariae, '247 
ShumardocrinuSy 203 
side-plates, 82 
Sigsheia, 276 
Simroth, H., 261 
Siphonocrinus, 199 
Sisnwndia, 317 
Sitularia, 185 

Sladen, W. P., 14. 240, 
251, 259, 261, 325 

SmilasteriaSj 258 

Solacrinusy 203 

Solanocrinusn 195 

Solaster, 256 

Spatagocyatia^ 324 

Spatangonwrpha, 323 

SpatanguSj 323 

Sphaeraater^ 254 

Sphaerechinnat 313 

sphaeridia, 32 

Sphaeritea (Quenst.), 19, 
254 

Sphaerocrinua (M. & W.), 
167 

— (Roem.), 173 
Sphaeroq/atiaj 63 
SphcLeronia^ 71 
Sphaerothuria, 230 
Sphenocrinusy 203 
spines (Ech.), 285, 287 
Spinigrada, 260 
spiracula, spiracles (Blast.), 

84 ; (Ast.), 256 
spongy organ, 27, 102 
Sporaateria8y 258 
Springer, F. See Wachs- 

muth 
Spyridiocrinua, 163 
Statozoa, 33 
StaurocyatUf 61 
Stauroaoma^ 57 
Steganoblaatuay 209 
Steganocrinuaf 170 
StegaaUry 321 
Stegmaatery 264 
Steinmann, G., 40 



Stelidiocrinua, 161 
51fe/^a, 260 
Stellaejlaaaty 240 
Stdlaatery 253 
Stelleroidea, 237 
— diagnosed, 239 
stem, 48, 99, 105, 132. 

See also columna 
Stemmatocrinuaj 181 
Stenaater, 251 
StenocrinuA, 146 
StenoniOj 321 
Stephanaater, 253 
Sttphanocrinuay 96, 145 
Steraater, 267 
Stereocidariay 302 
Stereocnnuay 164 
stereom, 28 
Stemata, 321 
Stemotaxiay 321 
sternum (Ech.), 318 
Stewart, C, 285 
Stewart's organs, 303 
Stichaater, 255 
StichocyatiSy 55 
Stichopuay 227 
Stigmatopygua, 321 
iUirechinuay 313 
stomach (Ast. ), 243 
Stomatocrinoidea, 139 
Stf/mechimiay 309 
Stomopneuateay 313 
Stomopomay 323 
stone -canal, 8 ; (Ast.), 

243 ; (Ech.), 291 
Stortingocrinua, 152 
Streptaatery 208 
Streptocrinuay 179 
Streptophiurae, 274 
streptospondyline, 271 
Stribalocyatiay 67 
StrobUocyatiay 63 
StroTnatocyatiay 207 
StrongylocerUroUiay 313 
Stropkocrimiay 172 
Strotocrinuay 170 
StuderiOy 321 
Stiirtz, B., 250, 260 
Sturtzuroy 274 
Stylocrinuay 152 
StyracaateTy 251 
aubanale, 204 
subepithelial nervous sys 

tem, 30 
sub-lancet, 85 
suboralia, 141 
subradiale, 204 
subradialia, 204 
subtegumentary cavity, 103 
subtentacular canals, 100 
Huperbasals, 159 
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super-radial, 112 
supplementary plates, 109, 

204 
Bupra- marginals, 246 
suraual, 294 
sutures, 108 
SycocrinuHf 203 
Sycocyatis^ 60 
SymbathocrinuSf 152 
SymphyUKrinua, 197 
Synallactes, 227 
.Synaptat 234 
Synerucrinu^f 190 
syngnaths, 263 
Synyuhitcrinus, 180 
Syringocrinus^ 48, 203 
syzyg^', 108, 117 

tables (Hoi.), 223 
TatniuaUr^ 251 
TaeniurcL, 274 
TalarocriniiSt 159 
Taiuwcrimui^ 165 
Tarsasterj 255 
TaxocrinuSf 189 
Te4:hnocrinuSi ] 63 
tegmeu, 99, 129 
TdeiocrinuSf 170 
TemnechinuSy 312 
TemnocUlariSy 302 
Temnoj/levmsy 312 
tentacles (Hoi.), 224 
terminal tentacle, 31 
terminals (Ecb.), 294 
tertibrachs, 114 
Tesselata (Zittel), 139 
Tessellata (Miiller), 139 
test (Ech.), 285 
Tcstaeea, 138 
Tetanocrinas^ 197 
Tdhyaster, 251 
Te(rarMian\ 303 
Tetracriims (Austin), 203 
— (Miinst.). 153 
Tetractis, 240 
TetramenKfin i's (Austin^, 

204 
Tctrastery 250 
TfuitamocrinvA, 204 
ThallocrinuSf 156 
Tfiaumatocnnvs^ 196 
theca, 99 
Thecocyads, 207 
Thecoidea, 205 
Theel, IL, 15, 218, 226 
rA<?«:/ia, 230 
Thegaster^ 317 
77t«?jarocriniw, 179 



! Thiolliericrinua, 195 
; Tholaater, 821 
Thoracaater, 261 
Thylacocrinua, 200 
ThyUchinua, 310 
Thyone, 230 
■ Thyroida, 205 
Thysanocrinvas 198 
TUirdcriniMf 67 
Tiarechinuay 305 
Tiedemanu, F., 218, 240, 

284 
Tiedemann\s Ixxlies, 27, 

243 
Tonwr, 255 
Tarmocrinuaf 197 
Tarnaria, 5 
torus angularis, 264 
Torynocrinv^^ 197 
Toxaater, 322 
Toxojrneuatea^ 313 
Travmatocrinuay 182 
Trautschold, H., 130 
Treyimater, 25 i 
Tremataater, 275 
Trefnatitcrinuay 201 
TreifiaUycyatia^ 72 
Trematopygua^ 320 
TrUicrinva^ 149 
Trianiaitea, 204 
tribrachialia, 204 
TriJbrachiocrinnay 181 
Trichaater, 276 
TrirJiaaterajtaiat 250 
Tricha^rimtay 149 
Trichotaatery 269 
Tricoelocrinus^ 87, 92 
trifascial articulation, 117 
Trigatioculariay 312 
Triganocrimta^ 197 
Triijotuxryatiay 50 
Trinemacyatiay 53 
Triplacidiay 310 
Triplaricrinuay 204 
Tripnctiatea^ 313 
TriaactiSy 240 
trivium, 11 ; (HoL), 220 ; 

(Ech.), 296 
Trochitay 204 
Trochocrinua^ 168 
Trochocyatiay 50 
TrocJiodennOy 234 
TrochodotUy 234 
Trochoatomay 233 
Troostoblastida, 92 
Trooatocrinna, 86, 92 
TwpidaateTy 256 
Troschel, F. H., 240, 260 



Trybliocrinua, 163 
TitberaaUTy 323 
I tubercles (Ech.), 286 
Turbinocrinva^ 161 
Tylaatery 254 
TylwidariSy 302 
Typocidarisy 802 

Uintacrinvay 183 
Ulocrinua, 181 
umbo (Ech.), 262 
umbonal socket, 263 
under lancet-plate, 85 
i Uniophoray 268 
uniserial anus, 115 
Uperocrinuay 168 
UraatereU4L, 251 
U^rechimia, 321 

Valentin, G., 284 

Vali\iater^ 258 
' Vasocrinuay 179 
" vault, 128 

ventral sac, 27 

— shield, 262 

vertebral ossicle (Oph.), 262 
vestibule, 11 
Viguier, C, 240, 247 
Vletavicrinus, 204 
Volborth, A., 53 
Vologeaioy 321 

Wachsmuth, C, 139 
Wachsmuth & Springer, 

114, 139, 171 
Wachsmuth & Springer^ 

Law, 106 
Walther, J., 49 
water - vascular system 

(AsU, 243: (Oph.),* 272; 

(Ech.), 290 
PKoorfocri M I/*, 180 

XenaatcTy 250 
Xenocriniia (Jahn), 204 

— (S. A. Miller), 165 

Zeacrinu^, 180 
Zeiiktricrinuay 161, 204 
Zettghpleuruay 312 
zigzag arms, 115 <v 

Zittel,K.A.v., 40, 139, 171 
Zoplwcrinua^ 151 
Zaroaater, 255 
Zygocriniiay 91, 93 
Zygophiurae, 277 
Zygospoudyline, 271 



Prinitdby R. & R. Clark, Limited, Edinburgh. 
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